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TAR  SURFACE  TREATMENT  OF 
LOW  COST  ROADS 

Report  of  a  Cooperative  Study  by  the  Bureau  of  Public  Roads  and  Representatives  of  the  Tar  Industry 


BECAUSE  of  the  extensive  application  of  surface 
treatment  to  the  construction  of  low  cost  roads 
and  the  need  for  obtaining-  additional  information 
on  this  subject,  representatives  of  the  tar  industry  and 
the  Bureau  of  Public  Roads  have  recently  made  a 
field  and  laboratory  study,  in  North  Carolina,  of 
surface-treated  roads  on  which  tar  was  used.  The 
particular  type  of  treatment  investigated  consists 
essentially  of  the  application  of  a  light  tar  to  the 
untreated  road  or  prepared  base,  followed  by  an  appli- 
cation of  hot  tar  with  a  cover  of  mineral  aggregate. 
A  third  application  of  tar,  sometimes  called  the  seal. 


Later,  more  viscous  tars  applied  hot  were  used.  It 
was  found  that  these  hot  tars  produced  a  more  durable 
surface  on  clean,  hard  bases  but  would  not  penetrate 
any  existing  dust  film  on  the  road.  Because  of  lack 
of  bond  with  the  base,  the  road  surfaces  often  corru- 
gated badly  or  were  picked  up  by  traffic. 

In  order  to  obtain  the  advantages  of  both  materials, 
the  double  surface  treatment  was  developed,  in  which 
cold  application  tar  was  used  as  a  prime  and  hot  appli- 
cation tar  for  the  second  coat.  In  this  way  a  wearing 
surface  of  greater  thickness  and  stability  was  developed, 
which  did  not  pick  up  under  traffic  but  remained  plastic 


A  Tar-Treated  Surface  in  Good  Condition 


is  applied  with  a  mineral  aggregate  cover  after  the 
surface  has  been  subjected  to  traffic  for  a  period  of  time. 
This  method  of  treatment  is  designed  to  provide  a 
wear-resisting  surface  which  will  adequately  protect 
the  base  from  deterioration  and  which  can  be  eco- 
nomically maintained  in  a  satisfactory  condition. 

The  development  of  the  double  surface  treatment  as 
practiced  in  North  Carolina  resulted  from  early  experi- 
ments in  which  a  light  tar  was  used  on  gravel  or  ma- 
cadam bases.  These  tar-treated  surfaces  were  very 
satisfactory  for  some  time,  as  the  tar  penetrated  into 
the  road,  allaying  the  dust  and  producing  temporarily 
a  bonded  surface.  However,  under  summer  conditions, 
these  surfaces  disintegrated  under  traffic,  and  only  by 
repeated  re-treatments  could  the  road  surface  be  kept 
in  good  condition. 
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and  smooth  under  a  wide  range  of  weather  conditions. 
Later,  this  same  method  of  surface  treatment  was 
applied  to  topsoil  and  sand-clay  surfaces. 

This  report  embraces  a  detailed  study  of  1!)  projects 
in  North  Carolina,  where  approximately  1,200  miles  of 
this  form  of  treatment  have  been  built  on  many  different 
kinds  of  bases  and  under  varying  subgrade  conditions. 
Inspection  of  a  considerable  mileage  of  this  type  of 
construction  indicated  that  these  projects  were  repre- 
sentative of  North  Carolina  conditions.  They  wen 
situated  in  the  Atlantic  coastal  section,  the  Piedmont 
section,  and  the  mountainous  section  in  the  western 
part  of  the  State  and  were  selected  to  cover  a  wide 
range  of  soil  and  climatic  conditions  as  well  as  methods 
and  materials  of  construction. 

The  detailed  st  udy  of  each  project  included  an  inspec- 
tion to  determine  (hi'  appearance,  condition,  and  riding 
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qualities  of  the  surface.  Samples  of  bituminous  mat, 
base,  and  subgrade  representative  of  typical  conditions 
were  taken  for  analysis.  For  the  purpose  of  this  report 
the  term  "mat"  is  intended  to  describe  the  mixture  of 
bituminous  material  and  mineral  aggregate  immediately 
above  the  base.  Information  relative  to  details  of  con- 
struction, the  type  of  maintenance  employed  and  the 
amount  of  traffic  carried  was  furnished  by  the  State 
Highway  Commission.  Laboratory  analyses  of  the  bitu- 
minous mats  were  made  and  base  material  and  subgrade 
samples  were  tested  for  grading  and  soil  classification. 

RESULTS  OF  SURVEY  PROVE  ADEQUACY  OF  TAR  TREATMENT; 
IMPORTANCE  OF  SOIL  STUDIES  STRESSED 

As  a  result  of  this  survey  the  following  conclusions 
seem  warranted: 

1.  Surface  treatment  provides  a  satisfactory  low- 
cost  wearing  surface  on  several  types  of  base. 

2.  Surface  treatment  has  the  advantage  over  the 
thicker  surface  mats  in  that  it  is  more  pliable  and  can, 
therefore,  adjust  itself  to  the  movement  on  a  flexible 
base  with  a  minimum  amount  of  cracking. 

3.  New  roads  or  base  construction  should  be  sub- 
jected to  traffic  for  some  time  before  being  surface- 
treated,  in  order  to  produce  adequate  compaction  and 
to  determine  the  suitability  of  the  base  for  surface  treat- 
ment. Compaction  under  traffic  is  valuable  as  a 
means  of  detecting  an  excess  of  plasticity  in  the  base,  a 
condition  which  should  be  corrected. 

4.  In  order  to  avoid  failures  in  surface  treatments 
resulting  from  unstable  bases,  research  should  be  di- 
rected toward  finding  a  means  of  reducing  the  plastic 
properties  of  the  clay  present,  particularly  in  the  natural 
soils. 

5.  A  priming  application  is  desirable  as  a  final  prepa- 
ration of  the  base,  not  only  to  stabilize  and  waterproof 
the  top  but  also  to  insure  a  bond  between  the  base  and 
the  surface  mat. 

G.  Tar  of  fight  consistency,  because  of  its  excellent 
penetrating  and  binding  properties,  makes  a  very  satis- 
factory prime  or  stabilizing  material. 

7.  Hot  application  tars  are  more  satisfactory  for  the 
second  application ;  medium  and  hea\-y  cold  application 
tars  have  many  advantages  in  seal  and  re-treatment 
work. 

8.  A  tough  aggregate  should  be  used  as  cover  ma- 
terial in  order  to  reduce  crushing  under  traffic  to  a  mini- 
mum so  that  the  original  texture  of  the  surface  and  the 
stability  of  the  mat  may  be  retained. 

9.  Very  fine  sand  or  roadside  material  should  not  be 
used  for  blotting  purposes  because  it  has  a  tendency  to 
produce  either  a  brittle  or  an  unstable  surface. 

10.  A  seal  application  is  highly  desirable  as  the  final 
step  in  insuring  a  dense  and  waterproof  surface. 

1 1 .  Cold  application  tar  is  preferable  to  hot  applica- 
tion tar  in  re-treatment  work  because  it  permits  drag- 
ging and  blading  of  the  cover  stone  to  produce  a 
smoother  surface.  The  finished  road  shows  less  tend- 
ency to  bleed  and  is  likely  to  retain  its  original  texture 
for  a  longer  time. 

12.  The  principal  requirement  of  bases  for  surface 
treatment  is  that  they  shall  neither  soften  nor  undergo 
appreciable  change  in  volume  with  current  changes  of 
climatic  or  ground  moisture  conditions. 

13.  Soil  tests  serve  to  disclose  those  characteristics 
of  the  base  material  which  materially  affect  the  perform- 
ance of  surface  treatments.  In  this  connection  the 
mechanical  analysis  is  of  assistance  but  by  itself  is  not 


adequate    for    distinguishing    good    from    poor    base 
materials. 

14.  Determining  the  suitability  of  base  soils  accord- 
ing to  their  physical  characteristics  instead  of  by  rule  of 
thumb  methods  may  show  that  the  natural  road  soil, 
either  alone  or  in  some  combination  with  other  local 
soils,  will  serve  as  well  or  better  than  the  more  expensive 
base  materials  of  recognized  value. 

15.  A  content  of  clay  binder  as  low  as  5  per  cent  has 
proved  satisfactory  in  surface-treated  bases.  How- 
ever, clays  with  capillary  and  cohesive  properties  as 
high  as  those  of  average  or  "statistical"  soils1  and 
shrinkage  properties  considerably  lower,  may  not  prove 
detrimental  in  base  mixtures  even  when  present  in 
amounts  as  great  as  20  per  cent.  More  than  10  per 
cent  of  highly  plastic  clay  and  all  cases  of  highly 
micaceous  material  should  be  regarded  with  suspicion. 

16.  Some  method  of  correcting  unsatisfactory  base 
material  may  often  prove  desirable.  Fine  sand  is 
used  satisfactorily  as  an  admixtiire  to  reduce  clay 
content.  Coarse  material  has  not  much  value  for  this 
purpose  and  may  be  used  to  better  advantage  as  a  top 
course.  The  best  method  and  material  to  use  in  stabi- 
lizing a  soil  will  depend  upon  the  character  of  the  partic- 
ular soil  or  base  material.  Often  a  thin  top  course  of 
suitable  material  will  increase  the  stability  of  the  base 
sufficiently.  In  other  cases,  it  may  be  advantageous  to 
use  a  tar  primer  or  to  mix  tar  into  the  base. 

VARIOUS   BASES   USED  FOR   SURFACE   TREATMENT 

The  essential  requirements  of  bases  for  surface  treat- 
ment are  that  they  shall  carry  the  load  imposed  upon 
them  and  shall  remain  stable  irrespective  of  moisture 
conditions  without  undergoing  any  change  sufficient  to 
injure  the  surface  treatment.  Among  the  more  impor- 
tant materials  used  in  base  construction  are  the  local 
topsoils,  sand  clay,  sand-clay-gravel,  shell  rock,  and 
various  crushed  materials.  In  North  Carolina,  top- 
soil  and  sand-clay,  because  of  their  greater  prevalence, 
have  been  used  more  extensively  than  other  materials 
in  this  type  of  construction. 

The  bases  which  were  used  on  the  sections  discussed 
in  this  report  were,  with  one  exception,  originally 
constructed  to  serve  as  topsoil,  sand-clay,  or  sand-clay- 
gravel  roads.  The  exception  was  a  base  of  sand-clay- 
gravel  built  to  be  surface-treated  immediately. 

The  topsoil  and  sand-clay  used  for  surfacing  consisted 
of  a  mixture  of  sand  and  clay  either  obtained  from  local 
deposits  or  produced  by  incorporating  sand  or  clay  with 
the  natural  soil.  The  surfaces  were  usually  built  with  a 
compacted  thickness  of  6  to  9  inches  at  the  center  and 
feather-edged  to  the  full  width  of  the  roadway. 

The  gravel  surfacing  material  was  a  mixture  of  gravel, 
sand,  and  clay  binder  obtained  largely  from  pits  or 
stream  beds.  It  was  hauled  to  the  roadway,  spread, 
bladed,  and  compacted  under  traffic.  The  cross  section 
was  either  of  uniform  thickness  for  a  definite  width  or 
tapered  to  the  full  width  of  the  roadway.  The  com- 
pacted thickness  of  the  course  ranged  from  4  to  10 
inches,  depending  on  the  character  of  the  subsoil. 

In  the  mountainous  areas  where  subsoil  and  moisture 
conditions  were  unusually  bad  a  subbase,  made  up  of 
hammer-broken  field  stone,  approximately  6  inches 
thick,  was  built  before  the  construction  of  the  gravel 
course.     Projects  13,  14,  and  15  were  of  this  type. 

i  The  significance  of  the  term  "statistical  soils"  is  discussed  on  p.  15.    See  also 
ruBUC  Roads,  vol.  12,  No.  5,  July,  1931,  p.  131. 
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CONDITIONING    THE    ROAD    FOR    SURFACE    TREATMENT 

Before  applying  the  surface  treatment  it  was  generally 
necessary  to  do  considerable  work  in  the  preparation  of 
the  base.  The  particular  method  followed  and  amount 
of  work  required  depended  on  its  condition. 

If  the  base  course  was  of  sufficient  thickness  and 
composed  of  satisfactory  materials  the  preparation 
generally  consisted  of  light  blading  or  dragging  to 
obtain  a  smooth,  uniform  surface.  If  the  thickness 
was  insufficient  new  material  was  added  and  worked 
into  the  base  course  to  produce  a  uniform  andcompacted 
condition  of  the  surface. 


A  layer  of  crushed  stone  screenings  was  applied  to  the 
surface,  of  the  south  portion  of  project  ID,  prior  to  sur- 
face treatment,  to  reduce  the  plastic  condition  of  the 
topsoil   road. 

On  projects  4  and  5,  where  a  loose  and  nonuniform 
condition  of  the  topsoil  and  sand-clay  existed,  the  soils 
were  stabilized  previous  to  treatment  by  road-mixing 
the  soil  with  tar  to  form  a  compacted  mat  '_'  to  3  inches 
in    thickness. 

With  the  exception  of  project  15,  the  bases  were 
subjected  to  traffic  for  a  considerable  time  prior  to 
surface  treatment.     The  compaction  and  bond  obtained 


LOOSE  AGGREGATE  ON  SURFACE  OF 
BASE  DISTRIBUTED  AND  ROLLED 
IN  PREPARATION  FOR  APPLICA- 
TION OF  PRIMER 
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LOOSE  AGGREGATE  BLADED  UNI- 
FORMLY AND  READY  FOR  APPLICA- 
TION OF  PRIMER 


Figure  1. — Sand-Gravel  Bases  Ready  for  Surface   Treatment 


Where  the  material  contained  excess  clay,  fine  sand 
was  often  added  to  reduce  the  clay  content.  Coarse 
material,  such  as  gravel  or  crushed  stone,  was  also 
used  in  some  cases  to  improve  the  condition  of  the 
base.  When  so  used  it  was  generally  applied  as  a  thin 
surface  course  rather  than  being  incorporated  into  the 
base  material.  If  the  surface  was  loose  because  of 
insufficient  or  unsatisfactory  binder  material,  as  was 
the  case  when  comparatively  clean  sand-gravel  was 
used  in  the  base  course,  a  somewhat  heavier  applica- 
tion of  tar  primer  was  used. 

On  project  12,  where  the  untreated  surface  cracked 
excessively  in  dry  weather  and  was  slippery  in  wet 
weather,  a  %-inch  layer  of  creek  sand  was  mixed  into 
the  top  4  inches  of  the  road  surface  to  reduce  the  plastic 
properties  of  the  topsoil  and  to  provide  a  more  stable 
base  for  the  subsequent  surface  treatment. 

On  the  sand-clay  portion  of  project  18  a  layer  of 
crushed  stone  2^  inches  to  1  inch  in  size,  was  rolled  into 
the  surface  to  stabilize  its  loose,  unbonded  condition. 


depended  upon  their  time  in  service  and  the  character  of 
the  materials  used  in  their  construction. 

Immediately  prior  to  smface  treatment  the  bases 
were  generally  dragged  or  bladed  lightly  to  ob- 
tain a  smooth  uniform  surface.  On  those  projects 
where  the  surface  was  well  bonded  it  was  swept. 
If  the  surface  was  loose,  as  on  the  projects  where 
relatively  clean  sand-gravel  was  used,  the  loose  ma- 
terial was  spread  uniformly  over  the  surface  before 
priming. 

Table  1  gives  the  mechanical  analysis  of  sand-clay- 
gravel  materials  taken  from  the  base  courses  of  a 
ii umber  of  projects,  determined  by  the  method  com- 
monly used  in  studying  materials  to  be  used  for  base 
construction.  It  is  evident,  however,  that  this  method 
does  not  provide  sufficient  information,  as  it  does  not 
distinguish  between  silt  and  clay  nor  does  it  indicate 
the  character  of  the  clay. 

Tables  2  and  3  give  more  definite  and  complete  in- 
formation on  the  properties  of  the  various  materials 
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Table  1. — Mechanical  analysis  of  material  taken  from  the  base  courses  of  a  number  of  typical  sand-clay-gravel  roads  which  have  been 

surface-treated 


Laboratory  number- 
Project  number 

Hole  number 


Total  retained  on — 

3-inch  screen 

2H-inch  screen . 

2-inch  screen 

lJ4-inch  screen 

1 } 4-inch  screen 

1-inch  screen 

:: 4-inch  screen _ 

H-inch  screen _ 

Ji-inch  screen _._ - 

No.  10  sieve 

No.  20  sieve 

No.  30  sieve 

No.  40  sieve 

No.  50  sieve. 

No  80  sieve - 

No.  100  sieve 

No.  200  sieve _ 

Percentage  of  original  sample  over  14  inch 

Percentage  of  original  sample  under  >4  inch 

Percentage  of  silt  and  clay  (by  washing) 

Condition  of  bituminous  surface  December,  1931. 


6206 

1 
35 


Per  cent 


0 
2 

4 
6 
14 
27 
43 
49 
58 

66 

73 
75 
82 
14 
86 
18.1 
Good. 


6063 
2 
10 


/',  |    ,',    /;.< 


0 

2 

11 

23 

39 

48 

60 

69 

78 

79 

84 

11 

89 

16.0 

Good. 


6064 


Per  cent 


0 
3 
9 
17 
27 
37 
41 
47 
52 
61 
07 
75 
17 
83 
24.4 
Cracked. 


6060 

7 
7 


Per  cent 


0 

4 
4 
7 

13 
17 
22 
29 
40 
45 
51 
56 
62 
63 
66 
22 
78 
33.6 
Good. 


6061 

7 


Per  cent 


79 

21 

79 

22.2 

Good. 


6062 

7 


Per  cent 


12 
12 
15 
20 
27 
39 
41 
44 
48 
59 
61 
70 
20 
80 
30.0 
Wavy. 


6203 
11 
23 


Per  cent 
10 
19 
23 
28 
32 
37 
42 
49 
58 
66 
75 
79 
84 
89 
94 
95 
97 
58 
42 
3.0 
Good. 


61116 

13 

18 


Per  cent 
9 
16 
23 
26 
30 
33 
39 
45 
54 
65 
75 
79 
84 
89 
94 
95 
97 
54 
46 
2.4 

Wavy. ' 


6197 
14 
19 


Per  cent 
0 
45 
51 
57 
60 
63 
68 
73 
77 
80 
82 
83 


90 

93 

77 

23 

6.9 

Slightly 

wavy.i 


6199 

6198 

15 

16 

21 

20 

Per  cent 

Per  cent 

7 
12 

0 
5 

19 

22 

36 

29 

39 

32 

44 

41 

51 

46 

57 

52 

65 

57 

73 

62 

80 

67 

83 

69 

86 

72 

88 

74 

90 

79 

91 

81 

93 

86 

65 

57 

35 

43 

7.5 

13.9 

Good. 

Good. 

6201 
16 
22 


Per  cent 

""o 

14 
28 
30 
32 
39 
45 
52 
58 
63 
65 
68 
72 
80 
82 
88 
52 
48 
11.3 
Slightly 
cracked 


1  Base  corrugations  not  removed  before  surfacp  treating. 

Table  2. — Analyses  of  base  and  subgrade  materials  on  projects  having  sand-clay-gravel  base 


Identification,  location,  and  description  of  sample 

Mechanical  analysis 

Physical  characteristics  of 
material  passing  No.  40 
sieve 

Soil'group 

6 

'o 

m 

Laboratory 
No. 

1 

a 

5  w 

[_,  <3 

s| 

a) 

'o 

u 

C3 

0. 

Particles  smaller  than 
2  millimeters,  percent 

| 

a 

2 

w 

a 
•-. 
"5 

s 

5 

Shrink- 
age 

Mois- 
ture 
equiva- 
lent 

Condition  of  wearing  sur- 
face, December,  1931 

6 

Z 

'o 

© 

pq 

0 
■0 
a 
S, 
XI 
3 
03 

■a 
a 

03 

CD 

C3 
O 
O 

T3 

a 
03 

a 

-7. 

C3* 
O 

2 

c 
"_ 

3 

0 

3 

B 

O 

*o3 

(36 
|35 

135 

(10 

jio 

|12 
U2 

/  7 

7 

(  8 
9 

I  9 
(23 
123 

18 

18 
18 

19 

19 
19 
21 
21 
21 

(20 
120 
122 
122 

S-6369 

S-6206 

S-6063 
S-6064 

S-6060 

S-6061 
S-6062 

S-6203 
S-6196 

S-6194 
S-6057 

S-6059 

S-6054 
S-6055 

S-6056 

S-6173 

4  inches  thick 

24 
30 

}     0 

30 

}      1 

26 

}      • 

30 

1 

34 

0 

32 

}       » 

71 

1 

66 

36 

57 

58 
15 
32 

47 

34 
11 
52 
6 
30 
26 

66 

17 
68 

35 

20 

41 
20 
55 
35 

37 

19 

20 
20 
23 
36 

29 

25 
37 
24 

8 
8 

37 

8 

15 

11 

7 

11 
21 
15 
2S 
25 
22 

5 
16 
3 

21 
15 
15 
14 
15 
22 
9 

36 
48 
13 
43 
9 

23 

4 

30 

5 

16 
12 

8 

12 

11 

17 

6 

30 
32 

5 
27 
"0 

18 

3 
18 
3 

34 
32 

17 

29 

19 

34 

19 

48 
61 
12 
46 
18 
29 

21 
33 
23 

19 
15 

3 
13 

0 
18 

0 

28 
29 

2 
24 

4 

11 

0 

15 
0 

18 
20 
15 
19 
18 
17 
21 

18 
31 
29 
16 
18 

16 

28 
21 
29 

1.8 
1.7 

1.9 

1.7 

1.8 

1.8 

1.7 

1.7 
1.5 
1.5 
1.8 
1.8 

1.8 

1.5 
1.7 

1.5 

17 
18 

17 

19 
8 
18 

7 

30 
34 
12 
34 
11 
18 

10 
28 

23 

24 

16 
24 
18 
22 
20 
27 
42 
11 
32 
17 

21 

25 
25 

Badly  cracked. 

1 

VA  inches  thick 

do 

Good. 

/14  inches  thick 

do 

\4  inches  below  surface 

3  inches  thick 

.  do 

Do. 

(4!2  inches  thick 

A-3... 

2 

I41  >  inches  below  surface 

5  inches  thick ...  ... 

f2  inches  thick 

A-3 

\6  inches  below  surface 

5  inches  thick 

A-7       

Good. 

6M  inches  below  surface 

4}i  inches  thick. 

A-5  

„ 

A-2 

Do. 

' 

6  inches  below  surface 

5?4  inches  thick 

A-7       

A-2 

f3  inches  thick 

A-2  plastic 

\7  inches  below  surface 

4J4  inches  thick 

A-3  highlv  micaceous 

A-2  plastic 

Good. 

11 

6^  inches  below  surface 

6  inches  thick 

7     28 

A-3 

Wavy;    base    corrugations 

13 

Broken  stone  6  inches  thick 

not  removed  before  treat- 
ment. 

S-6197 

S-6170 

13  inches  below  surface 

4  inches  thick. 

0 

45 

20 

25 

47 
47 

15 

17 

18 
11 

14 
6 

28 
25 

6 

7 

24 
24 

1.6 
1.6 

27 
14 

31 
24 

A-2    plastic;    highly   mi- 
caceous, 
do 

Slightlv  wavy;  base  corru- 

11 

Broken  stone  6  inches  thick 

gations  not  removed  be- 
fore treatment. 

S-6199 

S-6171 

Under  6-inch  stone  base 

4  inches  thick 

32 

38 

9 
46 

29 
29 

32 
18 

30 

7 

9 
4 

44 
26 

11 
0 

33 

(8) 

1.4 

37 
22 

40 
28 

A-5  highly  micaceous 

A-2 

Good. 

15 

Broken  stone  6  inches  thick.  . 

S-6198 
S-6201 

S-6200 

S-6172 
S-6202 

Under  6-inch  stone  base 

ll/i  inches  thick 

55 

53 
0 

58 
44 

21 

31 
17 
41 
29 

32 

42 
31 
38 
43 

29 

16 
23 
13 

19 

L8 

11 
29 
8 
9 

8 

5 
17 
4 
7 

26 

19 
43 

22 

25 

7 

0 
19 
0 
0 

23 

23 
26 
24 
29 

1.7 

1.7 
1.6 
1.6 

1.5 

23 

13 
37 
10 

17 

25 

19 
33 

21 

27 

A-2   plastic;    appreciable 
mica. 

A-2slightly  micaceous 

A-7 

Good 

16 

%Vi  inches  below  surface 

12  inches  thick 

A-3 

Slightly  cracked. 

13  inches  below  surface .. 

A-2  highly  micaceous .. 

>  2.0  to  0.25  millimeter. 
-  0.25  to  0.05  millimeter. 


s  0.05  to  0.005  millimeter. 

*  Smaller  than  0.005  millimeter. 


8  Smaller  than  0.001  millimeter. 
6  No  shrinkage.    Soil  swelled. 
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T  \hi.e  3. — Analyses  oj  base  and  subgrade  materials  on  projects  having  topsail  or  sand-clay  bast 

TOPSOIL  BASE  PROJECTS 


[dentifieation,  location,  and  description  of  sample 


d 

Z 

6 

o 

Z 

w 

« 

o 

- 

O 

m 

1 1 

i 

4 

I   2 

1  -' 

3 

I  3 

f  4 

a 

6 

<   5 

0 

1  6 

I14 

s 

133 
133 

(33 

[15 

9 

J 15 

116 

lie 

(24 

24 

10 

I25 

|25 

(30 

12 

1.30 

131 

Ul 

17 

(29 
129 

18 

127 
127 

19 

\28 

Laboratory  Xo. 


S-6043 

S-6044 

S-6045 

S-6046 

S-6047 

S-6048 

S-6049 

S-6050 

S-6051 

S-6052 

S-6053 

S-6165 

S  6190 

-  <;_>«.!.-. 

S-6191 

S  -6166 

S-6167 

S  6168 

S-6169 

S-6174 

S-6175 

S-6176 

S-6204 

S-6186 

S-6188 

S-6187 

S-6189 

S-6184 

S-6185 

S-6180 

S-6181 

S-6182 

S-6183 

7  inches  thick 

6  inches  thick,  10}4  inches  below 
surface. 

1  inch  thick _ 

5\4  inches  below  surface 

614  inches  thick.. 

2)4  inches  thick  overlying  sand 

soil. 
18  inches  thick 

2  inches  thick.. 

8  inches  below  surface 

81-)  inches  thick 

10  inches  below  surface. 

6  inches  thick... 

6)4  inches  thick 

5)4  inches  thick 

13  inches  below  surface 

7  inches  thick 

8)4  inches  below  surface 

7  inches  thick 

13/i  inches  below  surface 

8  inches  thick 

9  inches  below  surface 

hlA  inches  thick 


Mechanical  analysis 


$  0 


6  inches  below  surface.. 0 

7)4  inches  thick 0 

8  inches  below  surface 2 

5M  inches  thick 2 

6  inches  below  surface 0 

10  inches  thick 0 

11  inches  below  surface 1 

4  inches  thick 0 

i%  inches  below  surface 0 

6  inches  thick 0 

7  inches  below  surface... 0 


Particles  smaller  than 
2millimetei  .  pei  cenl 


„ 

— 

c 

- 

-0 

a 

r 

0 

a 

O 

h 

40 

40 

32 

24 

46 

26 

23 

20 

37 

Hi 

40 

30 

52 

22 

51 

IK 

37 

22 

41 

32 

21 

26 

20 

35 

33 

21 

21 

30 

7 

26 

34 

30 

18 

12 

47 

22 

25 

23 

27 

38 

14 

33 

18 

27 

14 

51 

40 

34 

25 

26 

35 

20 

32 

33 

39 

33 

17 

24 

25 

:;n 

22 

41 

36 

26 

1 

38 

Physical  characteristics  of 
material  passing  No.  W 
sieve 


16 


Shrink- 
age 


Mois- 
ture 
equiva- 
lent 


Soil  group 


A-3 

A-2  pla  1  ic 


A-2 

A-7 

A-3 

A-2  plastic. 


A-2 

A-2  plastic. 

A-5 

J>-3 

A-7 

A-2  plastic 

A-2  highly  micaceous 

A-2  plastic 

A-7 

A-2  plastic 

A-7 

A-2  plastic 

A-7 

A-2  plastic 

A-5  highly  micaceous 

A-4  aupreeiable  mica  and 
gravel. 

A-5  highly  micaceous 

A-2  plastic... 

A-.'i  highly  micaceous 

A-2  plastic 

A-5  highly  micaceous 

A-2  plastic 

A-7... 

A-2  plastic 

A-5  highly  micaceous 

A-2  plastic 

A-5  highly  micaceous 


Condition  of  wearing  sur- 
face, December,  1931 


Le  'i 

Spongy  and  cracked. 
Good. 


Do. 
Do. 

Do. 

Rough  and  wavy. 
Badly  cracked. 


Good. 

Slightly  cracked. 

Good. 

Cracked. 

Good. 

Slightly  cracked. 

Good. 

Rutted. 

Good. 


SAND-CLAY  BASE  PROJECTS 


2 

:; 

5 
18 

11 
(13 
113 

(34 
134 
(26 

J26 

[26 

S-6058 
S-6195 

S-6192 
S-6177 

S-6164 

S-6193 

S-6178 
S-6179 

2)4  inches  thick 

6)4  inches  thick 

7  inches  thick  8  inches  below 

surface. 

IOV2  inches  thick 

\2)4  inches  below  surface 

4  inches  thick.    Stone  veneer 

added. 
Z)4  inches  thick  6)4  inches  below 

surface. 
10  inches  below  surface 


1 

10 

65 

10 

15 

11 

18 

0 

21 

1.7 

8 

18 

0 

60 

20 

/ 

13 

10 

z>, 

10 

16 

1.9 

13 

18 

0 

25 

33 

32 

10 

4 

16 

0 

20 

1.7 

12 

12 

0 

55 

12 

7 

26 

23 

39 

18 

23 

1.6 

24 

28 

0 

68 

16 

6 

10 

7 

15 

0 

18 

1.8 

5 

17 

0 

56 

20 

10 

14 

10 

23 

7 

19 

1.7 

20 

21 

0 

36 

23 

13 

28 

20 

46 

22 

26 

1.6 

31 

33 

0 

31 

45 

10 

14 

10 

34 

0 

38 

1.3 

19 

36 

A-3 

A-2  plastic 

A-2 

A-2  plastic 

A-3.... 

A-2  plastic,  some  mica 

A-7  appreciable  mica.. 
A-2  some  mica.. 


Good. 
Pitted. 


Good. 
Do. 


1  2.0  to  0.25  millimeter. 


;  0.25  to  0.05  millimeter. 


3  0.05  to  0,005  millimeter. 


*  Smaller  than  0.005  millimeter. 


3  Smaller  than  0.001  millimeter. 


used  as  bases  on  these  projects,  and  similar  informa- 
tion regarding  the  subgrade  soils.  Table  2  gives  the 
mechanical  analyses  and  also  the  results  of  the  physical 
tests  performed  on  samples  taken  from  the  sand-clay- 
gravel  projects.  Table  3  gives  corresponding  data  on 
samples  taken  from  the  topsoil  and  sand-clay  projects. 
The  significance  of  these  test  results  in  determining  the 
suitability  of  the  materials  is  discussed  subsequently  in 
this  report. 

CONSTRUCTION  OF  THE  SURFACE  TREATMENT 

A'prime  coat  is  the  initial  application  of  a  tar  having 
low  viscosity  to  the  original  untreated  road  surface  for 
the  purpose  of  hardening  and  moistureproofing  the  upper 
portion  of  the  existing  road.  It  produces  a  dust-free 
surface  to  which  the  subsequent  application  of  more 
viscous  tars  will  readily  adhere. 

In  cases  where  the  base  was  well  bonded  the  surface 
was  swept  to  remove  dust  and  other  objectionable 
material,  prior  to  the  application  of  the  primer.     Whore 


the  surface  of  the  base  was  loose  sweeping  was  omit  led 
and  the  loose  material  was  spread  uniformly  and  some- 
times rolled.  Figure  1  shows  two  examples  of  such  a 
surface  ready  for  priming.  The  two  upper  views  of 
Figure  2  illustrate  the  excellent  surface  which  can  be 
obtained  by  proper  prime  treatment  of  a  loose  base. 
The  material  used  as  a  primer  was  a  cold  application 
tar,  generally  having  a  specific  viscosity  2  of  8  to  13  at 
40°  C.  However,  13-to-18  and  18-to-25  viscosity  tars 
were  used  where  the  surfaces  were  open  or  loose.  The 
amount  of  primer  used  on  most  projects  was  a  third  of 
a  gallon;  on  others  as  much  as  0.4  or  0.5  gallon  was 
used.  On  projects  4  and  5,  where  the  tar  priming 
material  was  used  to  construct  a  mixed  base;  1.2  and 
1.5  gallons  were  used.  The  kinds  and  amounts  of  tar 
primer  used  on  I  he  various  projects  are  given  in  Table  1, 
and  typical  specifications  and  test  values  are  uiven  in 
Table  5. 

•  Cnless  otherwise  specified,  statements  regarding  viscosity  refer  to  the  specific 
viscosity  (Engler)  at  40°  <'. 
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Table  £ 

. —  Typical  specification  and  test  values  for  the  priming  materials  used 

TC-l 

TC-2 

TC 

-3. 

TC-42 

Specification 

Analyses 

Spei  tfication 

Analyses 

Specification 

Analyses 

Specification 

Analyses 

1. 10  to  1.  is 

2.0 

2  to  1" 

8  to  13 

5.0 
40  I) 
*  65 

1.13  to  1.17 

0.5  to  2.0 

2.  1  to  6. 2 

9.3  to  14.8 

0.3  to  4.  2 
25.  8  to  37.  4 
50.0  to  64.5 

1.10  to  1. 18 

2  (i 

2  to  10 

13  to  18 

5.0 
35.  tl 

1.14  to  1.  15 
1.1  to  1.7 
1.  6  to  4.  5 

13.1  to  17.9 

1.  1  to  1.8 
23.  9  to  29.  g 
58.  0  to  60. 0 

1.10  to  1.18 

2.0 

2  to  10 

18  to  25 

5.0 

35.0 

65 

1.  13  to  1. 15 
1.5  to  2.0 
2.  1  to  3.  0 

18.  9  to  24.  7 

1.3  to  2.8 
24.  8  to  31.  4 
51.  5  to  64.  0 

1. 10  to  1. 18 

2.0 

2  to  10 

25  to  35 

5.0 

40.0 

65 

Free  carbon,  per  cent 

Specific  viscosity,  Engler,  40°  C 

Total  distillate  by  weight,  per  cent 
To  170°  C 

To  300°  C 

Softening  point  of  residue,'  °  C 

1  Tins  grade  was  used  in  the  mixed  base  treatment  on  project   1 

2  This  grade  was  used  in  the  mixed  base  treatment  on  project  5. 
i  !ube  in-water  method. 

'  Specification  limit  was  60  prior  to  1928  and  65  for  1928  and  after. 


Test  values  on  TC-4  materials  not  available. 


During-  cool  weather  the  primer  was  heated  to  a 
temperature  of  100°  to  150°  F.  as  an  aid  in  obtaining 
better  penetration  into  the  base.  During  warm 
weather  it  was  applied  at  a  temperature  of  80°  to  100° 
F.  Whenever  possible,  traffic  was  prevented  from 
passing  over  the  primed  base  for  a  period  of  24  to  48 
hours.  In  some  eases  it  was  necessary  to  prime  half 
of  the  base  at  a  time.  The  lower  photograph  of  Figure 
2  is  typical  of  the  appearance  of  a  primed  base  prior  to 
the  second  application  of  tar  material. 

SECOND    APPLICATION   OF   TAR 

The  next  step  in  the  construction  of  the  surface- 
treated  wearing  surface  is  an  application  of  a  more 
viscous  tar  material,  the  function  of  which  is  to  combine 
with  the  mineral  aggregate  cover  to  produce  a  thin  well- 
bonded  tiir  mat  which  will  adhere  to  the  primed  base, 
and  provide  a  wear-resistant  and  waterproof  surface. 

The  material  generally  used  was  a  hot  application 
tar,  heated  to  a  temperature  of  160°  to  200°  F.  It 
was  distributed  after  thorough  penetration  of  the  prime, 
in  a  single  application  at  the  rate  of  a  third  to  a  half 
gallon  per  square  yard. 

A  cold  application  tar  was  used  as  a  second  applica- 
tion on  project  13,  where  the  long  haul  made  it  more 
convenient  to  use  this  grade  of  material.  On  projects 
4  and  5  the  t}7pe  of  tar  used  in  the  construction  of  the 
mixed  bases  was  also  employed  for  the  second  appli- 
cation or  seal. 

The  kinds  and  amounts  of  second  application  hot 
tars  (TH-1)  materials,  used  on  the  various  projects 
are  given  in  Table  4  and  typical  specifications  and 
test  values  in  Table  6. 


Table  6.- 


Typical   specifications   au<l  test,   values   of  the   hut   tar 
materials  used 


Specification 

Analyses 

Water  .. 

None, 
f  1    90  to  150 
1    !  120  to  170 

1 
10 
15 
25 
75 

1.03 

75 

82  to  95 

Float  test  at  32°  C,  seconds 

1  109  to  131 

Distillation  by  weight,  per  cent: 
Total  to— 

170°  C,  not  more  than .  . 

2  121  to  169 
0.  0  to  0  7 

235°  C,  not  more  than 

0.  5  to  9.  1 

270°  C,  not  more  than ... 

8.  2  to  1 7  4 

300°  C,  not  more  than ...     . 

12.  7  to  23  5 

Residue,  by  weight,  per  cent,  not  less  than 

Specific  gravity  of  total  distillate  at  25°  C,  not  less 
than 

Softening  point  of  residue3  °C,  not  more  than.. 
Total  bitumen  soluble  in  CS2,  per  cent 

53.  3  to  73. 0 
83.  9  to  92  7 

1  Specification  limits  used  up  to  and  including  1927. 

2  Specification  limits  used  after  1927. 

3  Cube-in-water  method. 


APPLICATION    OF   COVER    MATERIAL 

Following  the  second  application  of  tar  a  cover  of 
aggregate  was  applied  in  sufficient  quantity  to  combine 


with  the  tar  material  to  form  a  stable,  nonskid,  and 
wear-resistant  mat. 

The  cover  material  was  crushed  granite  or  limestone 
of  various  gradations.  On  the  majority  of  the  projects 
it  was  1  to  %  inch  in  size;  on  others  it  was  \){  to  % 
inch,  %  to  %  inch,  and  %  to  %  inch.  The  amount  of 
rover  ranged  from  35  to  50  pounds  per  square  yard. 
Spreading  was  done  by  hand  or  with  mechanical 
spreaders.  Hand  spotting  and  broom  dragging  followed 
spreading.  The  surface  was  then  rolled,  generally  with 
a  5-ton  roller,  until  the  stone  was  thoroughly  seated 
in  the  tar.  The  amount  of  rolling  depended  to  some 
extent  on  the  toughness  of  the  cover  material.  The 
kind  and  quantities  of  cover  used  are  given  in  Table  4. 
The  following  mechanical  analyses  are  typical  of  the 
grading  of  the  larger  sized  cover  materials. 


Passing  1%  inch,  retained  on  1  inch,  per  cent 11 

Passing  1  inch,  retained  on  %  inch,  per  cent 63 

Passing  %  inch,  retained  on  %  inch,  per  cent 23 

2 

1 


Passing  }i  inch,  retained  on  %  inch,  per  cent. 
Passing  y±  inch,  per  cent 


4 

28 
32 
29 

7 


Total 100     100 

SEAL   TREATMENTS    APPLIED    AFTER   SOME    MONTHS   OF 
COMPACTION    BY   TRAFFIC 

A  seal  treatment  is  generally  applied  to  the  surface 
at  some  interval  following  the  original  construction  in 
order  to  further  waterproof,  bond,  and  smooth  the 
surface. 

A  seal  treatment  was  applied,  with  one  exception,  to 
all  the  sections  studied.  The  interval  between  the 
original  treatment  and  the  seal  varied  from  three 
months  to  a  year.  A  cold-application  tar  of  either  18 
to  25,  25  to  35,  or  35  to  50  viscosity  was  used,  except 
on  project  8,  where  a  hot-application  tar  was  used. 
Both  granite  and  limestone  were  used  as  cover  material. 
The  size  was  generally  %  to  %  inch,  although  on  a  few 
of  the  older  projects  1  or  1%  to  %  inch  material  was 
used.  The  larger  size  was  used  in  order  to  thicken  the 
mat  as  well  as  to  obtain  a  more  effective  early  smooth- 
ing of  the  surface.  The  amounts  and  kind  of  material 
used  are  given  in  Table  4.  Typical  specifications  and 
test  results  of  the  cold-application  tars  used  for  the 
second  application  on  project  13  and  those  used  in  the 
seal  treatments  are  given  in  Table  7. 

Some  of  the  older  projects  have  received  re-treat- 
ments. The  materials  and  quantities  used  were  sim- 
ilar to  those  used  in  the  seal  treatments  except  that  on 
the  more  recent  work  there  has  been  a  tendency  to  use 
cold-application  tar  of  a  higher  viscosity.  Details  of 
these  re-treatments  also  are  given  in  Table  4. 

Mechanical  operations  common  to  surface  treatment, 
seal,  and  re-treatment  work  are  illustrated  in  Figure  3. 


March,  1933 


PUBLIC    ROADS 


A  TISFA CTOR Y  S URFA CE 
TREATMENT  ON  PROJECT  11, 
0  VER  CL  /•'.  1 A  SA  ND-GRA  \  'EL 
ROAD.  LOOSE  MATERIAL 
ON  UNTREATED  ROAD  STA- 
BILIZED BY  HEAVY  APPLI- 
CATION OF  PRIMER 


SURFACE  THE  ATM  EST  BUILT 
OVER  LOOSE  SAND-GRAVEL 
BASE.  SURFACE  CONDI- 
TIONS ARE  TYPICAL  OF 
THOSE  EX  I S  TI NG  O  N  Til  1  S 
TYPE  OF  ROAD 


SAND-CLA  Y-GRA  VEL  ROAD  FOL 
LOWING  A  PPLICA  TION  OF 
THE  TAR  PIN  MP  COAT  PRE- 
VIOUS TO  APPLY I XC  TUP 
SECOND  AP PLICA  TIO  V  OF 
TAR 


Figure  '_'.     Examples  of  Surfacj:   Treatment 
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Table  7. —  Typical  specification  and  test  values  of  the  cold  application  tars  used  in  the  second  application,  seal,  and  re-treatment 


TC- 

» 

TC-4 

TC-5 

TC 

-6 

Seal 

Seal 

Seal  and  retreatment 

Second  ap 

plication  i 

Specification 

A  nalyses 

Specification 

Analyses 

Specification 

Analyses 

Specification 

Analyses 

Specific  gravity  at  77°  ¥ 

1.10  to  1.18 

2.0 

2  to  10 

18  to  25 

5.0 
35,  0 

1.17 
1.0 

1.10  to  1.  18 

2.0 

2  In  10 

25  to  35 

5.  (I 

10.0 

65 

1. 13  to  1.16 
0. 9  to  1. 9 
3.  9  to  4.  3 

26.  1  to  34.  3 

0. 3  to  1.  6 
25. 0  to  29.  0 
50.  0  to  61.  5 

1. 10  to  1. 18 

2.0 

2  to  10 

35  to  50 

5.0 

40.0 

65 

1. 15  to  1. 18 

0. 8   to  1. 9 

1. 8  to  6. 5 

35.  0  to  48. 4 

0. 3  to  2.  0 
20. 8  to  28. 0 
42.  0  to  62.  0 

1.10  to  1.18 

2.0 

2  to  10 

50  to  65 

5.0 

40.0 

65 

1.16  to  1.17 
1. 5  to  1. 9 

56. 6  to  62.  0 

Total  distillate  by  weight,  per  cenl 

To  170°  C                 

1.7 

:&  o 

0.  2 

To  300°  C 

21.2  to  21.3 

Softening  point  of  residue  2,  °  C 

59.  0  to  62.  0 

'  Used  on  project  13  only. 
DISCUSSION   OF   THE   PROJECTS  STUDIED 

The  cost  of  surface  treatment,  exclusive  of  the  seal, 
on  the,  projects  studied  ranged  from  about  $1,500  to 
$2,700  per  mile  of  18-foot  width,  depending  largely  upon 
the  availability  of  materials.  Patrol  maintenance  cost 
from  about  $200  to  $300  per  mile  per  year,  and  seal  and 
re-treatments  from  about  $1,050  to  $1,250  per  mile. 

ROUGHNESS   INDICATOR    USED    TO    GAGE    RIDING    QUALITIES 
OF   SURFACES 

The  surface  roughness  of  the  projects  as  indicated  by 
roughness  indicator  3  readings  varied  considerably,  not 
only  between  projects  but  between  various  portions  of 
the"  same  project.  Readings  were  taken  in  June,  and 
December,  1931,  with  a  roughness  indicator  installed  on 
a  Chevrolet  sedan  operated  with  35  pounds  tire  pressure 
and  at  a  speed  of  25  miles  per  hour. 

The,  results  given  in  Table  S  show  that  lower  readings 
were  obtained  in  December  than  in  June.  This  defer- 
ence was  probably  due  in  large  pari  to  the  greater  resist- 
ance to  movement  at  low  temperatures  of  the  hydraulic 
shock  absorbers  with  which  the  car  was  equipped. 

Table  8. — Roughness  indicator  readings  taken  an  tin  projects 
studied 


Project 

Size  of  cover 

material  used 

in  seal  and 

re-treatment 

Average 
daily 

Irallic 

•  ■  roughness 

factor  per  mile 

June, 
1931 

Decem- 
ber, 1931 

1  .      

Inches 

■>  to 
;  .  to  % 

m  to 

to  :, 

■,  to  ;s 

i  to  ;V 

54  to  H 

■1         ] 

•  to  H 

■l   to    ':- 

1  'rh  ides 
per  day 
620 
540 
660 
360 
620 
360 
170 

J        !  500 

600 

BIO 

I           030 

160 
100 
150 

no 

J             Kill 

180 
220 
220 

51 
s7 
86 
122 
130 
7s 
79 

1 1 12 

91 

1  in 
159 
132 

128 
132 
109 
129 

46 

2           - 

54 

3 --- 

94 

4 

80 

5                 

6                                          -    -   -    -- 

-,- 

7        .    .      . 

i9 

8 

83 

9 

G8 

10     - 

59 

11 

12 ..       

M 

13     

14..........                  . 

,  to  a 

ito5s 

1          11  to    '• 

1  to% 

1  to  H 
1  to  56 

15                                        

16 

98 

IT                                                                 . 

18 

130 

19 . 

jl 

1  Re-treatment. 


■  mate. 


Experience  with  the  roughness  indicator  litis  shown 
that  the  small  surface  irregularities  obtained  with  a 
coarse  stone  cover  tend  to  increase  the  readings,  al- 
though the  riding  qualities  of  the  road  may  not  be 
affected.  The  instrument  is  sensitive  to  very  small  axle 
displacements  and  will  measure  roughness  due  to  surface 
texture  in  addition  to  that  due  to  the  general  contour  of 
the  road  surface.     In  other  words,  its  readings  are  a 


i  This  device  was  described  in  Public  Roads,  vol.  7,  No  7,  September,  1926. 


1  Cube-in-water  method. 

measure  of  the  relative  total  roughness  of  the  surface 
tested.  Differences  in  the  measurements  which  may  be 
due  to  differences  in  cover  material  arc  not  necessarily 
indicative  of  significant  differences  in  riding  quality. 

A  study  of  the  values  given  by  the  roughness  indi- 
cator on  the  projects  where  %  to  %  inch  cover  was  used 
in  the  seal  treatments  as  compared  with  those  on  which 
1  to  %  inch  cover  was  used  show  considerably  greater 
roughness  for  the  larger  aggregate.  Six  projects  on 
which  the  smaller  sizes  aggregate  was  used  gave  :m 
average  reading  per  mile  of  74  in  June  and  54  in  De- 
cember as  against  corresponding  averages  of  114  and  92 
on  four  projects  having  the  1  to  %  inch  aggregate. 
While  this  difference  may  not  be  due  entirely  to  size  of 
cover  material,  it  is  probable  that  this  factor  has  had 
some  influence. 

Readings  taken  for  comparison  during  February, 
1932,  on  the  newly  constructed  Mount  Vernon  Me- 
morial Highway,  which  is  considered  to  have  somewhat 
better  than  average  smoothness,  were  as  follows: 

(a)  Bituminous  concrete  on  clay-bound  gravel  base, 
81. 

(b)  Bituminous  concrete  on  reinforced  concrete  base. 
59. 

(c)  Sheet  asphalt  on  plain  cement  concrete  base,  49. 

SERVICE    GIVEN    BY    TREATMENTS    GENERALLY    SATISFACTORY 

The  service  behavior  of  the  treatment  was,  in  general, 
satisfactory  although  there  was  considerable  variation 
not  only  between  the  various  projects  but  between  por- 
tions of  an  individual  project. 

The  type  of  failure  occurring  most  frequently  on  the 
projects  was  a  cracking  of  the  mat,  usually  confined  to 
small  local  areas.  This  type  of  failure  occurred  over 
buses  and  subgrades  having  high  plastic,  properties  and 
seemed  more  pronounced  on  projects  in  the  coastal  area, 
where  poorer  drainage  conditions  no  doubt  tended  to 
increase  the  plasticity  of  the  subgrade  and  base  mate- 
rials. Light  re-treatments  were  generally  successful  in 
repairing  areas  where  failures  of  this  sort  occurred. 
Figure  4,  A  is  a  typical  illustration  of  such  a  failure. 

Detailed  discussion  of  the  base  and  subgrade  ma- 
terials, their  effect  on  the  behavior  of  the  surface  treat- 
ment and  a  description  of  tests  for  their  control  is  given 
later  in  this  report.     (See  pp.  14  to  20.) 

The  value  of  applying  a  tar  primer  previous  to  sur- 
face treatment  has  been  demonstrated  by  these  studies. 
The  major  functions  of  a  primer  are  to  bind,  stabilize, 
and  waterproof  the  top  portion  of  the  base  and  to 
develop  a  surface  to  which  the  superimposed  mat  will 
adhere.  Examination  of  samples  taken  from  the  road 
showed  that  the  primed  base  and  the  tar-treated  mat 
were  very  firmly  bonded  and  that  the  thickness  of  the 
wearing  surface  was  increased  by  the  depth  of  the  tar- 
penetrated  base.  The  depth  of  penetration  varied 
considerably,  because   of  the  different,   types  of  base 
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material    treated,    ranging    from    %-inch    on    the    well 
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bonded  topsoil  and  sand-clay  bases  to  I  inchormoreon 
the  more  open  gravel  liases.    The  depth  of  penetratio 
mi   the  latter  type  of  base  was  limited  largely  by  l! 
amount  ana  consistency  of  the  tar  used. 

HOT  TAR   PREFERABLE  FOR   SECOND   APPLICATION 

This  stud}'  indicates  that  for  surface  treat  incuts  of 
this  type  the  use  of  a  hot  tar  for  the  second  application 
<iives  better  results  than  are  obtained  by  the  use  of  a 
cold  tar.  Under  certain  conditions  there  is  a  tendency 
for  the  cold  application  tar  to  penetrate  into  theprimed 
base  rather  than  to  remain  on  the  surface.  When  this 
occurs  the  cover  stone  is  either  pressed  into  t  he  softened 
base  or  whipped  off  by  traffic.  This  condition  developed 
on  projects  4  and  5  where  the  bases  were  of  the  mixed 
prime  type.  The  cold  tar  used  as  second  application 
material  on  these-  two  projects  penetrated  into  the  mixed 
base  and  softened  the  top  portion  so  that  the  cover 
stone  was  pressed  into  the  base.  As  a  result  there  was 
some  shoving  and  loss  of  cover  material  on  both  proj- 
ects. Figure  4,  B  illustrates  this  condition  as  it  occurred 
on  project  5.  Laboratory  examination  of  the  mat  on 
project  5  showed  the  top  portion  of  the  mixed  base  to  be 
generally  richer  than  the  lower  portion.  A  sample 
extracted  from  the  base  course  in  one  location  which  is 
believed  to  be  fairly  representative  of  this  project 
showed  7.4  per  cent  of  bitumen  in  the  top  portion  as 
compared  with  4.0  per  cent  in  the  bottom  portion. 

On  the  majority  of  the  projects  studied  hot  tar  was 
used  for  the  second  application.  The  hot  tar  gave 
satisfactory  surfaces  even  where  the  base,  as  in  project 
1 1 ,  was  loose  and  open,  or  where  the  base  was  not  so  well 
compacted  by  traffic  as  was  the  condition  on  project  1.1. 
The  greater  viscosity  of  the  hot  tar  prevents  its  pene- 
tration into  the  base  and  thereby  provides  a  thicker 
Mini  to  hold  the  cover  stone.  Its  greater  adhesiveness 
adds  immediate  stability  to  the  surface  and  little  cover 
material  islost.  It  gives  a  more  resilient  surface  than  the 
cold  application  material.  This  property  is  especially 
desirable  in  treatments  applied  to  flexible  bases  and  also 
in  regions  where  climatic  conditions  are  unfavorable. 

COLD   APPLICATION   TAR    ADVANTAGEOUS   FOR   SEAL  TREATMENT 

The  seal  treatment  is  the  final  step  in  the  construction 
of  surface  treatments  of  the  type  studied.  It  serves 
to  close  up  the  open  texture  and  adds  life  and  some 
additional  road  metal  to  the  surface.  Later  re-treat- 
ments, similar  to  the  seal  treatment,  are  applied  as 
maintenance  measures,  in  order  that  the  life  and  riding 
qualities  of  the  road  surface  may  be  retained. 

The  materials  used  in  the  seal  treatments  and  in  the 
re-treatments  were  essentially  of  the  same  type.  On 
the  more  recent  work  the  tendency  was  to  use  a  cold 
application  of  higher  consistency  than  that  of  the  tars 
formerly  used.  On  the  projects  studied,  the  most 
viscous  tar  applied  was  the  TC-5  basing  a  specilic  vis- 
cosity of  35  to  50  at  40°  C.  Heavier  grades,  howe\  er,  are 
now  coming  into  use,  particularly  for  re-treatment  work. 

Two  important  advantages  in  the  use  of  cold  applica- 
tion material  over  hot  tar  in  these  re-treatments  are: 
(1)  A  more  uniform  texture  of  the  surface  is  obtained, 
and  (2)  the  cover  aggregate  can  be  readily  dragged  to 
give  a  smooth  surface,  ('old  application  tars  also  coat 
the  cover  material  with  a  thinner  film;  and  this  condi- 
tion tends  to  reduce  subsequent  bleeding  and  the  forma- 
tion of  fat,  spots. 

Hot-  tar  was  used  in  the  seal  and  re- 1  real  men  Is  on 
project   8    where    the    base    was    particularly    plastic. 


To  overcome  this  condition  it.  was  desirable1  to  provide 
a  thicker  and  more  resilient  surface  than  is  ordinarily 
needed.  In  cases  of  excessive  plasticity  the  use  of  hoi 
tar  is  beneficial,  as  it  prevents  the  disintegration  of 
the  surface  by  movement  in  the  base  course. 

ANALYSIS    MADE   OF   SAMPLES   TAKEN   FROM    TEST    HOLES 

Samples  of  the  surface  mats  were  taken  from  a  large 
number  of  test  holes  on  the  projects  studied.  The 
percentage  and  consistency  of  the  bitumen  extracted, 
and  the  grading  of  the  mineral  aggregates  are  givenin 
Table  9.  It  was  possible  in  many  eases  to  make  a  clean 
separation  of  the  tar  mat  and  the  tar-primed  base;  so 
that  the  analyses,  extractions,  and  gradings  could  be 
made  on  each  portion  of  the  surface  treatment.  Where 
no  satisfactory  separation  could  he  made,  the  entire 
thickness  of  the  surface  treatment  was  analyzed  as  one 
sample. 

In  the  examination  of  the  separated  mats  and  primed 
hases,  it  was  found  that  the  percentage  of  bitumen  ex- 
tracted from  the  mats  varied  from  4.3  to  7.8,  with  an 
average  of  5.8  per  cent.  That  extracted  from  the 
primed  bases  varied  from  2.8  to  6.3  per  cent,  with  an 
average  of  4.8  per  cent.  In  the  cases  where  l  he  entire 
thickness  of  the  surface  treatment  was  analyzed  as  one 
sample  the  percentage  of  extracted  bitumen  ranged 
from  3.3  to  0.9  per  cent  with  an  average  of  4.6  per  cent 

CONSISTENCY  OF  EXTRACTED  BITUMENS  DETERMINED  BY  FLOAT 
TEST   AT  50°    C. 

While  the  consistencies  of  the  extracted  bitumens 
from  the  different  projects  covered  a  considerable  range, 
it  is  of  interest  to  note  two  points:  (t)  That,  as  would 
he  expected,  the  consistency  of  the  bitumen  from  the 
tar  mats  is  much  higher  than  that  extracted  from  the 
primed  bases;  and  (2)  that  the  priming  tar  has  stiffened 
considerably,  as  is  shown  by  the  float  test  results  on 
the  extracted  bitumen.  The  float  test  at  50°  C.  was 
used  as  a  measure  of  consistency.  The  thin  fluid  prim- 
ing tar  developed  a  consistency,  as  measured  by  this 
test,  of  19  to  88  seconds,  with  an  average  of  59  seconds. 
These  figures  indicate  a  definitely  higher  consistency 
than  that  of  the  original  material,  which  bad  a  specific 
viscosity  of  not  more  than  18  at  40°  C.  The  bitumens 
extracted  from  the  tar  mats  had  float  test  values  of 
from  80  to  214,  with  an  average  of  134. 

It  should  he  recognized  that  the  percentage  of  ex- 
tracted bitumen  does  not  give  the  exact  amount  of  tar 
present  in  the  road  surface  at  the  time  of  analysis.  On 
extracting  a  tar  aggregate,  the  free  carbon  present  in 
the  tar  is  left  in  the  mineral  aggregate  ami  the  true 
tar  content  is  always  greater  than  I  he  value  given  by 
the  extracted  bitumen,  the  magnitude  of  tin1  error  de- 
pending on  the  amount  of  free  carbon  in  the  tar  and 
on  the  ai ml  of  tar  which  can  not   he  extracted. 

The  consistency  of  the  extracted  bitumen  represents 
the  approximate  consistency  of  the  carbon-free  con- 
stituents of  the  tar  existing  in  (lie  road  surface  at  the 
lime  of  the  survey,  except  as  the  consistency  may  be 
affected  by  the  slight  loss  of  volatile  material-  occurring 
in  the  extraction  process.  This  bitumen  was  recovered 
under  a  laboratory  technique  as  careful  as  possible,  and 
it  is  believed  thai  there  has  been  no  undue  hardening 
due  to  the  procedure  used.  Jt  is  felt  thai  the  values 
as    reported    are    reasonably    accurate    and    comparable. 

The  lloal  tesi  determination  is  well  adapted  to  the  test- 
ing of  tars  since  il   is  little  influenced  by  the  presence 
of  inert    mailer  such  as  free  carbon.     Therefore,   il    i 
fell  that  the  float-test  values  at  50    Con  the  extracted 
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1  Conditions  where  samples  were  taken. 

bitumens,  representing  the  pure  bitumens  of  the  tars, 
may  be  considered  as  comparable  to  the  consistency  of 
the  tars  in  the  road  surfaces  at  the  time  of  extraction 
even  though  the  free  carbon  is  lacking. 

NO    UNDUE    HARDENING    OF   TAR    MATS   SHOWN 

If  the  consistencies  of  the  extracted  bitumen  as  given 
by  the  float  test  at  50°  C.  are  compared  with  the  specific 
viscosity  or  float  test  at  32°  C  on  the  material  at  the 
time  of  construction  it  will  be  evident  that  consider- 
able hardening  has  taken  place.  While  it  is  no  doubt 
true  that  the  tar  on  the  top  surface  of  the  road  exposed 
to  light  and  oxidation  may  be  quite  hard,  the  con- 
sistency of  the  tar  extracted  throughout  the  entire  mass 
of  the  surface  mat  did  not  indicate  in  general  any  detri- 
mental hardening  on  those  projects  which  used  a  hot 
tar  for  the  second  application  and  a  lighter  cold  tar  for 
seal.  In  the  float  test  at  50°  C.  the  resultant  tar  ex- 
tracted from  the  wearing  suface,  not  including  the 
primed  base,  gave  results  ranging  from  86  to  214 
seconds.  In  general  the  older  projects  showed  higher 
float  test  values  at  50°  C,  indicating  the  effect  of  longer 
weathering  in  hardening  the  bituminous  material.  On 
only  one  project  was  the  consistency  of  the  extracted 
bitumen  greater  than  the  consistency  requirement  for 
tar  materials  which  are  generally  used  in  the  initial 
construction  of  penetration  macadam.  This  fact  would 
seem  to  indicate  that  the  tar  in  the  mats  at  the  time  of 
the  survey  was  still  live  and  plastic. 


2  Base  corrugations  not  removed  before  treating. 
CRUSHING   OF   COVER   MATERIAL  INDICATED   BY   ANALYSIS 

The  gradings  of  the  aggregates  extracted  from  the 
bituminous  mats  showed  considerable  crushing  of  the 
cover  material  to  have  occurred.  It  will  be  observed  in 
Table  9  that  the  percentages  passing  the  }4-inch  screen 
and  the  No.  200  sieve  are  relatively  high,  compared  with 
the  typical  grading  of  the  cover  stone  used  on  the  major- 
ity of  the  projects. 

The  preponderance  of  coarse  aggregate  on  project  18, 
as  shown  by  the  grading  of  sample  No.  36161,  may  be 
explained  by  the  fact  that  on  one  portion  of  this  project 
the  base  was  covered  with  coarse  stone  before  the  appli- 
cation of  the  surface  treatment.  Sample  No.  36165  is 
the  sand-clay  portion  which  did  not  receive  the  stone 
veneer  treatment. 

On  only  a  few  projects  was  it  possible  to  obtain 
samples  of  the  mat  separated  from  the  primed  base. 
The  cases  where  such  samples  were  obtained  offer  a 
means  of  estimating  the  extent  to  which  crushing  of  the 
cover  material  occurred.  Granite  was  used  on  projects 
2,  6,  and  7;  and  samples  taken  from  these  projects  gave 
percentages  passing  the  %-inch  screen  ranging  from  50.0 
to  66.2,  with  an  average  of  58.7.  The  two  samples 
taken  from  projects  14  and  16,  on  which  limestone  was 
used  as  a  cover  material,  gave  percentages  of  36.9 
and  36.7,  respectively.  From  these  limited  data  it  is 
evident  that  there  was  considerable  crushing  of  both 
materials,  although  the  limestone  was  apparently 
more  resistent  than  the  granite. 
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BELOW  APPLYING  MINERAL  AGGREGATE 
WITH  MECHANICAL  SPREADERS  RE- 
SULTS IN  .1  MORE  UNIFORM  DISTRI- 
Bl  TION  THAN  BROADCASTING  WITH 
HAM)  SHOVELS 


ABOVE:  DISTRIBUTOR  APPLYING  HOT  AP- 
PLICATION TAR  TO  THE  PRIMED  BASE 


BELOW:  ROLLING  THE  SURFACE  TO  PRE- 
VENT DISPLACEMENT  AND  LOSS  UNDER 
TRAFFIC 


ABOVE:  DRAGGING  COVER  MATERIAL  117  77/ 
A  WIRE  BROOM  DRAG  FOLLOW  I NG 
SPREADING  OF  STONE  COVER.  THIS 
OPERATION  SHOULD  ALWAYS  BE  USED 
TO  IMPROVE  THE  RIDING  QUALITIES  OF 
THE  SURFACE 


Figure  3. — Mechanical  Operations  in  Surface  Treatment   Work 


There  was  little  indication  of  detrimental  effects 
due  to  the  crushing  of  the  cover  material.  It  should  be 
noted,  however,  that  the  projects  studied  were  of 
relatively  recent  construction.  It  is  believed  that  ex- 
cessive crushing  of  cover  material  will  eventually 
affect  the  stability  of  the  surface  and  that,  with  due 
regard  to  economy,  tough,  durable  stone  should  be  used 
in  surface  treatment  and  re-treatment  work.  Both  the 
granite  and  the  limestone  were  considered  satisfactory  as 
cover  materials;  and  yet,  judging  by  the  crushing  which 
occurred,  it  is  obvious  that  a  more  resistent  stone 
should  be  used  if  a  satisfactory  surface  is  to  be  retained 
without  too  frequent  re-treatment. 

In  some  cases  the  cover  stone  was  spread  by  hand 
and  in  others  by  mechanical  spreaders.  Under  ;i\  erage 
conditions  considerably  better  results  can  be  obtained 
by    the    latter    method    and,    whenever    practicable, 


mechanical  spreaders  should  be  required.  In  order  to 
insure  a  uniform  texture  and  a  smooth  riding  surface 
it  is  essential  that  hand  spotting  and  brooming  be 
required  when  hot  application  tars  are  used,  and  that 
dragging  be  required  in  the  case  of  cold  applications. 

RESULTS   OF   SOIL    HOSTS  INTERPRETED 

The  theory  of  stability  of  soil  mixtures  was  discussed 
in  the  publication  Reports  on  Subgrade  Soil  Studies,4 
page  38.  In  this  discussion  the  soil  is  represented  as 
consisting  of  large  aggregate  and  mortar,  jusl  a-  arc 
mixed  bituminous  and  concrete  paving  materials,  the 
function  of  the  large  aggregate  being  to  furnish  strength 
and  hardness  to  the  road  slab  and  that  of  the  mortar 
to  hind  (he  large  aggregate  particles  into  a  stable  mass. 


'  Reprint  of  PUBLIC  ROADS,  vol.  12,  Nos.  J.  .r>, 
Octobei 


,  and  8,  Tune,  lulj .  Septeml 
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The  large  aggregate,  which  is  that  fraction  of  the  soil 
retained  on  the  No.  10  sieve,  should  be  hard  and  tough 
enough  to  resist  crushing  under  traffic  and  can  be  pres- 
ent in  amounts  up  to  at  least  50  per  cent  of  the  total 
soil  mixture.  The  soil  mortar  consists  of  a  clay  binder, 
a  silt  filler,  and  a  sand-fine  aggregate.  The  character 
and  proportions  of  these  materials  must  be  such  that — 

(a)  They  have  the  cohesion  required  to  bind  the 
particles  of  both  coarse  and  fine  aggregate  together 
adequately; 

(6)  They  do  not  shrink  in  amounts  sufficient  either 
to  crack  the  road  slab  or  to  cause  the  occurrence  of 
small  fissures  between  particles  of  aggregate,  which 
may  facilitate  the  entrance  of  water  into  the  interior 
of  the  slab; 

(c)  They  do  not  swell  on  wetting  an  amount  sufficient 
to  push  the  particles  of  aggregate  out  of  the  positions 
which  they  have  assumed  during  the  consolidation  of 
the  surfacing  material. 

As  a  matter  of  fact  the  same  soil  colloids  which  fur- 
nish the  cohesion  also  cause  volume  change  and  soften- 
ing in  the  presence  of  water.  In  practice,  therefore,  the 
object  is  to  obtain  the  highest  cohesion  possible  without 
jeopardizing  the  integrity  of  the  slab  structure  by  detri- 
mental volume  change  or  softening  of  the  binder  clay. 

QUALITY   OF   CLAY    BINDERS   INDICATED    BY    PLASTIC    AND 
CAPILLARY    PROPERTIES 

In  untreated  roads  the  binder  should  be  capable  of 
expanding  an  amount  just  sufficient  to  close  the  surface 
pores,  thus  preventing  the  water  from  penetrating  and 
softening  the  interior  of  the  road  surface.  When  the 
expansion  of  the  binder  exceeds  that  required  to  close 
the  sand  pores,  the  sand  grains  are  likely  to  become 
unseated,  reducing  the  stability  of  the  mixture.  When 
the  binder  does  not  expand  sufficiently  to  close  the  sand 
pores,  water  may  enter  and  soften  the  road  surface. 
It  follows  that  the  amount  of  binder  required  to  pro- 
duce a  stable  mixture  depends  upon  the  expansion 
properties  of  the  binder.  Binders  which  are  only 
slightly  expansive  may  be  used  in  an  amount  sufficient 
to  fill  the  pores  of  the  sand  almost  completely.  As  the 
expansive  properties  of  the  binder  become  greater,  the 
amount  used  without  danger  of  unseating  the  sand 
grains  must  of  necessity  become  smaller  and  smaller. 

Of  two  soils  which  have  an  equal  tendency  to  shrink 
or  expand  the  one  having  the  greater  cohesion  should 
be  the  better  binder.  Of  two  soils  having  equal  cohe- 
sion, that  having  the  less  tendency  to  shrink  or  expand 
should  be  the  better  binder,  since  a  greater  amount 
of  it  can  be  used  than  of  the  more  expansive  soil. 

The  facts  outlined  above  may  be  summarized  in  the 
statement  that  the  suitability  of  a  clay  binder  is  de- 
pendent on  its  cohesive,  expansive,  and  shrinkage 
properties.  The  cohesion  of  soils  is  related  to  their 
plasticity;  the  shrinkage  and  expansion  of  soils  depend 
upon  the  capillary  properties.  It  follows  that  the 
character  of  soil  mortars  may  be  determined  in  the 
laboratory  by  constants  which  throw  light  on  the  plastic 
and  capillary  properties  of  the  clay  binders.  These 
constants  are  the  liquid  limit,  plastic  limit,  plasticity 
index,  shrinkage  limit,  shrinkage  ratio,  centrifuge 
moisture  equivalent,  and  field  moisture  equivalent. 

SUBGRADE   SOIL   CONSTANTS   DEFINED 

Complete  information  on  the  significance  of  these 
constants,  their  use  in  practice,  and  their  determination 


has  been  published  in  Public  Roads  and  is  contained 
in  Reports  on  Subgrade  Soil  Studies,  referred  to  above. 
In  the  present  discussion  the  description  of  the  soil 
constants  is  limited  to  that  required  for  an  understand- 
ing of  their  use  in  the  work  covered  by  this  report. 

(1)  Liquid  limit. — The  liquid  limit  is  defined  as  the 
moisture  content  of  the  soil  at  which  small  shocks  will 
just  cause  it  to  flow.  It  is  the  maximum  moisture 
content  of  plastic  soils  when  in  the  plastic  state,  and 
is  indicative  of  the  maximum  capillary  capacity  of  all 
soils,  plastic  or  nonplastic.  At  the  liquid  limit  the 
cohesion  is  practically  equal  to  zero. 

(2)  Plastic  limit. — The  plastic  limit  is  defined  as  the 
minimum  moisture  content  at  which  the  soil  can  exist 
in  the  plastic  state. 

(3)  Plasticity  index. — The  plasticity  index  is  the 
difference  between  the  liquid  and  plastic  limits.  It  is 
an  expression  of  the  range  of  moisture  contents  through 
wliich  plastic  soils  remain  plastic  and  consequently 
cobesive.  The  plasticity  index,  in  other  words,  indi- 
cates the  amount  of  water,  in  excess  of  that  represented 
by  the  plastic  limit,  which  must  be  added  in  order  to 
reduce  the  cohesion  of  the  soil  to  practically  zero,  its 
state  at  the  liquid  limit.  It  may,  therefore,  be 
considered  as  a  qualitative  measure  of  the  cohesive 
property  of  the  soil. 

(4)  Shrinkage    limit. — For    practical    purposes    the 
shrinkage  limit  is  the  maximum  moisture  content  of 
the  soil  when  it  has  attained  the  minimum  volume  dur- 
ing the  drying  process.     It  indicates  elastic  properties 
of  soils,  high  values  indicating  high  elasticity. 

The  shrinkage  limit  indicates  minimum  porosity 
produced  by  maximum  capillary  pressure  due  to 
evaporation.  A  high  shrinkage  limit  indicates  high 
porosity  under  maximum  capillary  pressure.  Shrink- 
age limits  of  30  or  more  are  characteristic  of  elastic 
soils. 

In  binders  elasticity  is  not  detrimental  since  the 
important  quality  of  binders  is  cohesion  and  not  sup- 
porting power.  The  shrinkage  limit,  however,  has  an 
important  bearing  on  the  qualities  of  binders,  because 
of  its  relation  to  the  field  moistuft  equivalent.  The 
more  nearly  the  shrinkage  limit  approaches  the 
field  moisture  equivalent  the  less  the  volume  change 
of  the  soil  under  field  conditions.  A  shrinkage 
limit  equal  to  or  greater  than  the  field  moisture  equiv- 
alent indicates  no  volume  change  under  field  conditions. 

(5)  Shrinkage  ratio. — When  a  soil  loses  moisture  by 
evaporation  above  the  shrinkage  limit  it  shrinks 
proportionately  to  the  amount  of  moisture  loss.  The 
shrinkage  ratio  expresses  the  percentage  of  soil  shrink- 
age in  terms  of  the  percentage  of  moisture  loss.  Thus, 
a  shrinkage  ratio  of  1.8  signifies  that  above  the  shrinkage 
limit  a  loss  of  moisture  equal  to  1  per  cent  of  the  weight 
of  the  dry  soil  will  cause  the  soil  mass  to  shrink  1.8  per 
cent  of  the  volume  of  the  dry  soil. 

(6)  Centrifuge  moisture  equivalent.- — The  centrifuge 
moisture  equivalent  is  defined  as  the  percentage  of 
water  retained  by  the  soil  when  compressed  by  a 
centrifugal  force  equal  to  1,000  times  the  force  of  gravity 
for  one  hour. 

Generally,  except  in  certain  silt  soils  and  in  soils 
wliich  waterlog,  the  centrifuge  moisUire  equivalent  is 
less  than  the  liquid  limit.  The  centrifuge  moisture 
equivalent  indicates  the  affinity  of  a  soil  for  water  as  a 
result  of  its  capillary  properties.  The  lower  the  centri- 
fuge moisture  equivalent  of  a  soil,  the  less  is  its  ability 
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to  take  up  moisture  by  capillarity.  For  soils  with  equal 
liquid  limits,  the  less  the  centrifuge  moisture  equivalent 
the  less  is  the  ability  of  the  wet  soil  to  take  up  capillary 
moisture  and  the  lower  will  be  the  capillary  rise. 

Centrifuge  moisture  equivalents  which  exceed  liquid 
limits  without  water-logging  indicate  extremely  high 
capillarity.  Centrifuge  moisture  equivalents  with 
water-logging  indicate  impermeability  caused  by  gluey 
colloids. 

Field  moisture  equivalent. — The  field  moisture  equiv- 
alent is  defined  as  the  amount  of  water  which  a  soil  will 
absorb  when  its  moisture  content  is  gradually  increased 
by  adding  water.  As  water  is  added  to  a  soil  powder, 
cohesive  or  glue-like  properties  are  developed  and 
continue  to  increase  until  a  certain  amount  of  moisture, 
depending  upon  the  character  of  the  soil,  is  absorbed, 
and  a  maximum  cohesion  is  developed.  With  the 
increasing  cohesion  the  soil  grains  are  more  and  more 
restrained  from  separating.  Moisture  can  enter  the 
soil  only  by  separating  the  particles;  and  when  the 
cohesive  force  exceeds  the  capillary  force  tending  to 
cause  the  separation,  no  more  moisture  can  enter  and 
the  field  moisture  equivalent  is  reached.  This  constant 
is,  therefore,  an  index  of  the  cohesive  properties  of  the 
soil. 

The  addition  of  moisture  in  excess  of  the  field  moisture 
equivalent,  by  means  of  manipulation,  reduces  the 
cohesion  until  the  liquid  limit  is  reached,  at  which  the 
cohesive  properties  virtually  disappear.  The  field 
moisture  equivalents  of  expansive  soils  which  have  no 
cohesion  are  equal  to  the  liquid  limits. 

If  the  liquid  limit  is  greater  than  the  field  moisture 
equivalent  the  following  relations  hold  true :  The  greater 
the  difference  between  field  moisture  equivalent  and 
liquid  limit,  the  greater  is  the  plasticity  of  the  soil,  the 
greater  is  the  resistance  of  damp  soil  to  the  entrance  of 
capillary  moisture,  and  the  less  is  the  tendency  of  the 
soil  to  expand  in  the  presence  of  moisture. 

CONSTANTS  OF   AVERAGE  OR   STATISTICAL  SOILS   USED   AS   BASIS 
OF   COMPARISON 

These  constants  serve  to  furnish  information  on  the 
three  important  properties  of  binder  clays,  their  cohe- 
sion, their  water-retentive  or  expansive  properties,  and 
their  shrinkage  properties.  They  do  not  give  quanti- 
tative measurements  of  cohesion,  shrinkage,  and  ex- 
pansion. Their  value  lies  in  the  fact  that  the  magni- 
tudes of  the  constants  and  their  quantitative  relations 
to  one  another  are  associated  with  the  characteristics 
of  soil  groups  whose  properties  have  become  known 
qualitatively  through  their  performance  in  service. 

To  facilitate  the  use  of  the  constants  it  is  necessary 
to  have — 

(a)  A  basis  of  comparison  by  means  of  which  it  is 
possible  to  obtain  some  quantitative  conception  of  the 
degree  to  which  these  three  properties  are  present  in  a 
binder  clay; 

(6)  A  knowledge  of  the  relations  between  soil  per- 
formance and  the  presence  of  these  properties  in  dif- 
ferent degrees. 

The  basis  used  for  comparison  is  the  set  of  relation- 
ships which  was  found  to  exist  between  the  average 
clay  contents  and  the  average  soil  constants  of  more 
than  5,000  soil  samples.  An  "average  "  or  "statistical" 
soil  may  be  defined  as  a  hypothetical  soil  having  con- 
stants conforming  to  these  averages.  Table  10  gives 
the  soil  constants  of  statistical  soils  for  varying  per- 
centages of  clay. 


Table 

10. — Soil  constants  of 

statistical  soils 

Moisture  equiva- 

Percent- 
age of 
clay 

Liquid 
limit 

Plastic- 
ity index 

Shrink- 
age 
limit 

lent 

Centri- 
fuge 

Field 

Per  cent 

Per  cent 

P<  i  cent 

Per  cent 

Per  cent 

l 

13 

0 

17 

9 

9 

2 

14 

0 

17 

10 

10 

3 

11 

0 

17 

10 

10 

4 

15 

1 

17 

11 

11 

5 

15 

1 

17 

11 

11 

10 

is 

3 

16 

13 

14 

15 

23 

6 

16 

17 

19 

20 

28 

9 

15 

20 

22 

25 

35 

13 

15 

25 

26 

30 

42 

18 

14 

30 

29 

35 

49 

22 

14 

35 

31 

40 

56 

26 

13 

40 

34 

45 

62 

30 

13 

45 

:s.r, 

50 

69 

34 

12 

50 

37 

55 

7C 

39 

12 

55 

39 

60 

83 

43 

12 

60 

41 

65 

90 

4S 

11 

65 

■u 

70 

97 

52 

11 

70 

44 

75 

104 

56 

11 

75 

46 

80 

111 

61 

10 

so 

47 

85 

118 

65 

10 

85 

4S 

90 

125 

69 

10 

ill) 

50 

95 

132 

74 

9 

95 

51 

100 

139 

78 

9 

100 

52 

In  this  table  we  find  that  the  average  or  statistical 
soil  having  a  clay  content  of  50  per  cent_  has  physical 
constants  as  follow: 

Liquid  limit 69 

Plasticity  index 34 

Shrinkage  limit 12 

Shrinkage  ratio  5 2 

Centrifuge  moisture  equivalent 50 

Field  moisture  equivalent 37 

Comparisons  may  be  made  with  soils  having  the 
same  clay  content  but  different  constants.  A  soil  with 
a  similar  clay  content  but  with  a  higher  plasticity 
index,  say  45,  is  suggestive  of  clay  more  active  than  the 
average  with  respect  to  plasticity,  volume  change,  etc., 
the  higher  plastic  properties  being  due  mainly  to  the 
presence  of  gluey  colloids.  Likewise,  a  soil  with  a 
similar  clay  content  but  with  a  lower  centrifuge  mois- 
ture equivalent,  say  40,  suggests  a  clay  of  lower  water 
retentive  properties  than  the  average. 

STATISTICAL  RATIOS  USED  TO  EXPRESS  RELATION  OF  ACTUAL  TO 
STATISTICAL  SOILS 

It  is  convenient  in  practice  to  express  the  relation- 
ships of  constants  of  a  given  soil  to  those  of  the  average 
soil  as  a  ratio  termed  the  average  or  statistical  ratio. 
Thus  the  average  ratio  of  the  plasticity  index  of  45, 

45 
referred  to  above,  is  ^-r,  or  1.32,  and  the  average  ratio  of 

the  centrifuge  moisture  equivalent  of.40,  also  referred 

•    40 
to  above,  is  ft;  =  0.80. 
ou 

In  the  case  of  natural  soils,  in  which  the  active  por- 
tion of  the  soil  tested  comprises  a  large  part  of  the 
entire  soil  sample,  the  soil  constants  as  such  are  usually 
capable  of  indicating  clearly  the  soil  characteristics. 
In  graded  mixtures,  however,  the  clay  binder  may  be 
but  a  small  fraction  of  the  portion  of  the  soil  tested. 
In  such  cases  the  use  of  the  ratios  to  supplement  the 
constants  may  be  required  in  order  to  disclose  the  char- 
acter of  the  clay. 

Without  these  average  ratios  it  would  be  necessary 
to  perform  the  very  painstaking  and  costly  operations 
of  separating  the  clay  contents  from   the  soil  samples 

«  The  average  shrinkage  ratio  is  obtained  by  substituting  the  average  specific 
gravity  of  soils,  2.65,  and  the  statistical  shrinkage  limit  (Table  10)  in  the  formula: 
,,.    .   ,  ..      lOOXspecific  gravity 

Shrinkage  ratio  =  , — y  '       , — — r — rrr: ^ •-- 

luo+s hriiikage  hmitXspecific  gravity 
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and  testing  them  separately  in  order  to  determine  the 
character  of  the  day.  Since  a  knowledge  of  the 
mechanical  analysis  without  a  knowledge  of  the  char- 
acter of  the  clay  binder  is  inadequate  to  determine  the 
efficiency  of  the  soil  for  use  either  as  road  surfaces  or 
as  bases  for  surface-treated  roads,  the  importance  of 
the  average  ratios  will  be  readily  understood. 

GROUP   CLASSIFICATION   OF   SOILS   SERVES   AS   KEY   TO 
PERFORMANCE 

Because  of  the  fact  that  the  presence  of  certain  soil 
constituents  indicates  the  important  soil  properties,  it 
has  been  found  possible  to  arrange  the  various  soils  in 
groups  which  are  indicative  of  their  performance.  The 
characteristics  of  the  uniform  soil  groups  are  discussed 
in  the  following  paragraphs.6 

Group  A-l. — Well-graded  material,  coarse  and  fine, 
excellent  binder.  Highly  stable  under  wheel  loads, 
irrespective  of  moisture  conditions.  Functions  satis- 
factorily when  surface-treated  or  when  used  as  a  base 
for  a  relatively  thin  wearing  course. 

Group  A-2. — Coarse  and  fine  materials,  improper  grad- 
ing or  inferior  binder.  Highly  stable  when  fairly  dry. 
The  more  plastic  soils  of  this  group  are  likely  to  soften  at 
high  water  content  caused  either  by  rains  or  by  capillary 
rise  from  saturated  lower  strata  when  an  impervious  cover 
prevents  evaporation  from  the  top  layer,  or  to  become 
loose  and  dusty  in  long  continued  dry  weather. 

Group  A-3. — Coarse  material  only,  no  binder. 
Lacks  stability  under  wheel  loads  but  is  unaffected  by 
moisture  conditions.  Not  likely  to  heave  because  of 
frost  or  to  shrink  or  expand  in  appreciable  amount. 
Furnishes  excellent  support  for  flexible  surfaces  and 
also  for  relatively  thin  rigid  pavements. 

Group  A— 4- — Silt  soil  without  coarse  material,  and 
with  no  appreciable  amount  of  sticky  colloidal  clay. 
Bas  a  tendency  to  absorb  water  very  readily  in  quan- 
tities sufficient  to  cause  rapid  loss  of  stability  even 
when  not  manipulated.  When  dry  or  damp,  presents  a 
linn  riding  surface  which  rebounds  but  very  little  upon 
removal  of  load.  Likely  to  cause  cracking  in  rigid 
pavements  as  a  result  of  frost  heaving,  and  failure  in 
flexible  pavements  because  of  low  supporting  value. 

Group  A-5. — Similar  to  Group  A-4,  but  furnishes 
highly  elastic  supporting  surfaces  with  appreciable 
rebound  upon  removal  of  load  even  when  dry.  Elastic 
properties  interfere  with  proper  compaction  of  macadam 
during  construction  and  with  retention  of  good  bond 
afterwards. 

Group  A-6. — Clay  soil  without  coarse  material.  In 
stiff  or  soft  plastic  state  absorbs  additional  water  only  if 
manipulated.  May  then  change  to  liquid  state  and  work 
up  into  the  interstices  of  macadams  or  cause  failure  due 
to  sliding  in  high  fills.  Furnishes  firm  support  essential 
in  properly  compacting  macadams  only  at  stiff  consis- 
tency. Deformations  occur  slowly  and  removal  of  load 
causes  very  little  rebound.  Shrinkage  properties  com- 
bined with  alternate  wetting  and  drying  under  field  con- 
ditions are  likely  to  cause  cracking  in  rigid  pavements. 

(Iron j>  A-7. — Similar  to  Group  A-G,  but  at  certain 
moisture  contents  deforms  quickly  under  load  and 
rebounds  appreciably  upon  removal  of  load,  as  do  soils 
of  Group  A-5.  Alternate  wetting  and  drying  under 
field  conditions  leads  to  even  more  detrimental  volume 
changes  than  in  the  case  of  Group  A-6  subgrades.  May 
cause  concrete  pavements  to  crack  before  setting  and  to 
crack  and  fault  afterwards.  May  contain  lime  or 
associated  chemicals  productive  of  flocculation  in  soils. 


6  See  Reports  on  Subgrade  Soil  studies,  pp.  17  to  49. 


As  the  characteristics  of  the  mortar  change  from  those 
of  the  A-l  subgrade,  the  mortar  may  become  an  A-2 
material  of  one  of  several  varieties.  Increase  in  sand 
content,  for  instance,  would  produce  a  friable  variety 
approaching  the  A-3  material;  increase  in  clay  content 
would  produce  a  plastic  variety  approaching  the  A-6  or 
A-7  materials;  and  increase  in  the  silt  content  would 
produce  a  highly  capillary  variety  approaching  the  A-4 
or  A-5  material. 

Without  surface  treatment  the  A-l  material  should 
prove  satisfactory  on  both  wet  and  dry  subgrades;  the 
plastic  A-2  may  serve  well  on  dry  subgrades;  the  fri- 
able fairly  well  on  wet  subgrades;  and  the  capillary 
variety  is  likely  to  fail  in  either  case.  The  cohesionless 
A-3  and  the  highly  elastic  A-5  soils  are  unsuited  for 
road  surfaces.  The  A-4,  the  A-6,  and  the  A-7  soils 
are  likely  to  be  satisfactory  as  untreated  road  surfaces 
only  in  dry  weather. 

EFFECTS   OF   SURFACE   TREATMENTS   DISCUSSED 

Bituminous  surface  treatments  provide  (a)  cohesion 
which  serves  to  bind  the  top  particles  of  the  base  to- 
gether, (6)  a  mat  which  resists  abrasion  and  protects  the 
base  from  the  suction,  thrust,  or  other  shocks  produced 
by  traffic,  and  (c)  an  impervious  top  which  prevents 
the  entrance  of  surface  water  into  the  base  and  the 
evaporation  of  capillary  moisture  from  the  base. 

The  wear-resistant  mat  and  the  cohesive  action  of 
the  bituminous  surface  treatment  are  beneficial  for 
bases  comprised  of  all  groups  of  soils. 

The  ability  of  surface  treatments  to  prevent  surface 
water  from  entering  the  soil  bases  is  especially  advan- 
tageous to  those  group  A-6  and  A-7  soils  which  are  so 
impervious  that  capillary  moisture  can  not  enter  from 
below  in  detrimental  amounts.  Under  such  conditions, 
these  soils  make  excellent  bases  for  surface  treatments. 

The  increase  of  capillary  moisture  in  the  soil  slab  due  to 
the  prevention  of  evaporation  may  have  several  impor- 
tant effects:  (a)  It  may  soften  the  more  plastic  varieties 
of  clay  binder  and  thus  make  unstable  the  soil  slabs  which 
contain  the  amounts  of  this  type  of  clay  required  for  stable 
untreated  surfaces ;  (b)  it  may  provide  additional  cohesion 
for  holding  together  the  grains  of  over-sanded  mixtures 
which  become  very  loose  in  dry  weather  when  untreated ; 
(c)  it  may  cause  loss  of  stability  in  bases  composed  of  the 
highly  capillary  varieties  of  A-4  soils. 

It  is  thus  evident  that  the  amount  of  clay  necessary 
to  bind  an  untreated  road  may  be  excessive  if  the  road 
is  treated,  the  rise  of  capillary  moisture  causing  the  base 
to  soften  and  fail.  The  occurrence  of  failures  over  plas- 
tic bases  and  subgrades  on  some  of  the  projects  covered 
by  this  study  is  attributable  to  this  phenomenon. 

The  present  tendency  is  to  use  less  clay  in  new  con- 
st ruction  and,  on  previously  untreated  roads  to  modify 
the  plasticity  of  the  mortar  by  the  addition  of  granular 
material  or  by  some  other  suitable  means,  prior  to 
application  of  the  surface  treatment. 

Materials  belonging  to  the  various  soil  groups  may  be 
used  successfully  as  bases  for  surface  treatment  under 
the  following  conditions:  A-l  materials  on  dry  or 
moderately  wet  subgrades;  plastic  and  capillary  A-2 
materials  on  dry  subgrades  and  friable  A-2  materials 
on  both  wet  and  dry  subgrades;  well  drained  A-4,  ma- 
terials not  subjected  to  frost  action  and  certain  imper- 
vious varieties  of  the  A-6  and  A-7  subgrade  materials. 
A  1  materials  on  very  wet  subgrades  and  A-2  plastic 
and  capillary  materials  on  either  very  wet  or  moderately 
wet  subgrades  are  likely  to  prove  troublesome  because 
of  softening  of  the  clay  binder. 
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Because  it  increases  the  capillary  moisture  content, 
and  because  this  in  turn  produces  additional  cohesion, 
a  surface  treatment  may  not  only  stabilize  the  surface 
of  a  soil  road,  but  may  also,  in  the  ease  of  materials 
having  but  little  cohesion,  exercise  a  stablizing  benefit 
throughout  the  entire  depth  of  the  road  base  and  a  part 
of  the  subgrade  beneath.  This  fact  explains  \\  hy  many 
materials,  not  suited  for  soil  roads  without  treatment, 
perform  satisfactorily  when  surface-treated. 


The  grading  of  the  soils  which  contained  kaolin  as  the 
clay  binder  and  which  were  found  to  furnish  highhj 
stable  untreated  road  surfaces  in  ( leorcria  was  as  follows: 


Material  retained  on  the  No.   LO  o1  more  than 

50  per  cent;  the  soil  mortar,  that  fraction  passing  the  No.   in 
consisting  of  clay,  5  to  10  per  cent;  silt,  in  to  20  per  cent; 
total  sand,  70  to  85  per  cent;  and  coarse  -and,    1">  to  60 
cent.     Average  effi  ze  approximately  0.01  millimeter  and 

uniformity  coefficienl   greater  than   1"). 


Figure  4. — Exampj j  3i  ri  ice  Textube    on  Tab-Teeated   Peojects 


A,  Characteristic  Failure  ox  Sand-Clay-Gbavel  15am.  of 
High  Plasticity  under  Unfavorable  Dbainage  Con- 
ditions 

B,  Surface  Condition  Typical  of  the  Two  Mixed  Base 
Projects,  4  and  5,  Where  Cold  Tar  Materials  TC  3  and 
4  Were  Used  for  Second  Application.  Photo  Shows  Covei 
Stone  Embedded  in  the  Softened  Primed  Base  Ratheb 
Than  Being  Held  by  a  Tar  Film 


C  and  D,  Pbojeci  s.  [llustbating  the  Effeci  "i  Mica  in 
the  Base.  Base  Materials  Identical  in  Chabacteb 
Except  for  the   Mica    Pbesent.     Figi  be  C  E  ents 

thi     -    :  i    'i.    Whose    Base    Contained    an    Appbeciable 
Amount  of  Mica  and  Figt/ee  D  the  Si  ri  ice  Whose  B 
was  Free   from    Mica 

E,  Project  7,  Hole  7.  Good  Stjbface  Conditions  over 
A-7  Soil   undee    Favobable    Drainage   Conditions 


KAOLIN    REPRESENTATIVE  OF  GOOD    BINDER    CLAYS 

It  will  be  readily  understood  that  the  two  important 
requirements  of  binder  clay,  to  wit,  appreciable  co- 
hesion and  no  detrimental  volume  change,  are  the 
requirements  also  of  good  pottery  clay.  The  cohesion 
is  required  to  hold  the  molded  pieces  together  during 
the  burning  and  the  absence  of  volume  change  is 
required  to  prevent  cracking  of  the  heated  pieces.  It 
is,  therefore,  not  surprising  to  learn  that  kaolin  'hydrous 
silicate  of  aluminum.),  an  excellent  China  or  porcelain 
clay,  seems  to  satisfy  both  the  practical  and  theoretical 
requirements  of  good  hinder  clay,  according  to  experi- 
ence with  untreated  top-oil  roads  in  Georgia. 


The  character  of  kaolin  when  compared  with  that  of 
other  soils  i-  disclosed  by  it-  statistical  ratio-,  which 
as  follows : 

Liquid  limit 1.  07 

Plasticity  index 1.  00 

Shrinkage  limit...      .  2  77 

Centrifuge  moisture  equivalent 1.  '1'.', 

Field  moisture  equivalent 1.  06 

Table  11,  which  contains  the  ratio-  of  a  limited  num- 
ber of  typical  -oil-,  assists  in  revealing  the  significance 
of  the  ratio-  of  kaolin  hinders.  From  these  value-  jt 
can  be  seen  that  the  liquid  limit  of  kaolin,  like  that  of 
tin-  A  6  and  A-7  clays,  i-  equal  approximately  to  that 
of  the  statistical  -oil-.      It  i-  apparent  that  kaolin  will 
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Table   11. 


-Ratios  of  test  constants  of  typical  soils  to  those  of 
statistical  soils 


Ratio  to  statistical  soil 

Soil 

Liquid 
limit 

Plastic- 
ity 
index 

Shrink- 
age 
limit 

Moisture 
equivalent 

Sub- 
grade 
group 

Centri- 
fuge 

Field 

0.73 
1.43 
.76 
.84 
1.82 
2.71 
1.08 
1.12 
1.05 
1.00 

0.67 
1.60 
2.21 
1.51 
1.48 
1.31 
1.34 

0.94 
1.00 
1.67 
1.71 
2.06 
6.71 
1.10 

.92 
1.31 

.90 

0.45 
.30 
.79 
1.07 
2.25 
2.94 
2.04 
1.88 
1.40 
1.43 

1.45 

1.70 

.96 

1.04 

2.06 

3.57 

.67 

.81 

1.31 

1.11 

A-3 

A-3 

A-l 

A-4 

A-5 

A-5 

A-6 

A-6 

A-7 

A-7 

not  lose  stability  until  it  takes  up  as  much  moisture  as 
that  required  to  soften  the  fine-grained  cohesive  soils. 

The  typical  silts  listed  in  Table  11  have  plasticity 
index  ratios  less  than  the  liquid  limit  ratios,  while  the 
clays  have  plasticity  index  ratios  greater  than  the 
liquid  limit  ratios.  This  fact  indicates  that  clays  have 
relatively  much  greater  cohesion  than  silts.  The  plas- 
ticity index  ratio  of  kaolin,  however,  just  about  equals 
the  liquid  limit  ratio.  It  follows  that  the  cohesive 
properties  of  kaolin  are  somewhat  greater  than  those 
of  silts  but  not  as  great  as  those  of  the  clays  and  gumbos. 

With  tliis  moderately  high  cohesion,  kaolin  has  an 
exceptionally  high  shrinkage  limit  ratio  which,  com- 
bined with  the  low  field  moisture  equivalent  ratio,  sug- 
gests negligible  shrinkage  properties.  Its  centrifuge 
ratio  of  1.23  indicates  water  retentive  properties 
smaller  than  those  of  the  A-5,  A-6,  and  A-7  soils. 

STATISTICAL   RATIOS   EXPLAIN   PERFORMANCE   OF   MATERIALS 
USED   ON   PROJECTS 

Tables  12  and  13  give  the  statistical  ratios  of  the 
materials  used  as  subgrades  and  bases  on  the  various 
projects   studied.     The   clay   contents   used   in   these 


tables  are  based  upon  that  portion  of  the  sample  pass- 
ing the  No.  40  sieve,  which  is  the  portion  used  in  deter- 
mining the  soil  constants.  These  clay  contents  are 
important  only  in  determining  the  statistical  ratios,  and 
should  not  be  confused  with  those  given  in  Tables  2 
and  3,  which  are  the  true  clay  contents  of  the  soil  mortar 
(material  passing  the  No.  10  sieve). 

An  examination  of  Tables  12  and  13  will  help  to 
explain  the  behavior  of  the  surface-treated  roads 
observed  in  the  survey.  It  should  be  borne  in  mind 
that  the  properties  of  good  binders  are  represented  by 
those  of  kaolin ;  and  that  bituminous  surface  treatments 
permit  a  much  wider  range  in  soil  properties  than  is 
practicable  in  untreated  roads. 

According  to  these  tables  seven  base  samples  have 
relatively  high  plasticity  index  ratios  (greater  than  1, 
that  of  kaolin).  They  are  6369  and  6206,  project  1; 
6064  and  6063,  project  2;  6195,  project  3;  6062,  project 
7;  and  6197,  project  14. 

With  the  high  plasticity  indices,  5  of  these  samples, 
6369,  6064,  6195,  6206,  and  6063,  have  field  moisture 
equivalent  ratios  less  than  1.06,  that  of  kaolin.  Three 
of  these  5  samples,  6369,  6064,  and  6195,  were  taken 
from  portions  of  roads  which  had  developed  defects. 
The  clay  contents7  of  samples  6369  and  6064,  were, 
respectively,  21  and  22  per  cent,  while  the  clay  content 
of  the  third  sample,  6195,  was  13  per  cent.  The  surface 
defect  in  project  3  (base  sample  6195)  is  pitting,  and 
this  may  be  due  to  the  character  of  the  surface  treat- 
ment rather  than  to  the  characteristics  of  the  base 
material.  The  clay  contents  of  the  2  surfaces  repre- 
sentative of  good  results — samples  6063  and  6206 — 
were,  respectively,  14  and  15  per  cent. 

Samples  6062  and  6197,  which  also  had  high  plas- 
ticity indices,  were  taken  from  sections  reported  as 
having  wavy  surfaces.  Field  moisture  equivalent  ratios 
greater  than  1.06,  that  of  kaolin,  indicate  that  these 
soils  have  relatively  high  moisture  absorptive  properties. 

'  Clay  contents  of  soil  mortar,  that  fraction  passing  No.  10  sieve,  Tables  2  and  3. 


Table  12. — Ratios  of  test  constants  of  soils  tested  to  those  of  statistical  soils  having  the  same  percentage  of  clay  on  projects  having  sand- 
clay-gravel  base 


Identification 


Proj- 
ect 
No. 


Labora- 

Hole 

tory 

No. 

No. 

S-6369 

36 

{  S-6206 

35 

S-0194 

35 

S-C063 

10 

.S-(i057 

10 

S-  6064 

12 

S-6059 

12 

S-6060 

7 

S-C054 

7 

S-6061 

8 

S-6055 

8 

S-60112 

9 

S-6056 

9 

f  S-6203 

t  S-f,173 

23 

23 

/  S-6196 
t  S-6170 

18 

18 

J  S-<il97 
1  S-6171 

19 

If) 

J  S-6199 

21 

I  S-6200 

21 

(  S-0198 

20 

J  S-C172 

20 

1  S-6201 

22 

[  S-6202 

22 

Course 


Base 

do... 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 

Base 

Subgrade 


Ratios  to  statistical  soil  having  same  percentage  of  clay 


Clay 
content ' 


Per  cent 
2(i 
23 
15 
22 
lfi 
27 
12 
46 
49 
20 
44 
11 
27 

6 
32 

8 
19 
12 
31 
10 
21 
13 
31 
10 
11 


Liquid 
limit 
ratio 


0.94 
1.00 
.74 
.97 
.79 
.89 
.95 
.75 
.90 
.43 
.75 
.95 
.70 
1.31 
.75 
1.35 
1.04 
1.25 
1.02 
1.44 
.90 
.90 
1.00 
1.22 
1.32 


Plastic 
index 
ratio 


l. »; 

1.36 
.50 

1.30 

0 

1.20 

0 
.90 
.85 
.22 
.83 

1.33 
.93 

0 
.79 

0 
.75 

1.75 
.01 

0 
.78 

0 

1.00 

0 

0 


Shrinkage 
limit 
ratio 


1.20 
1.33 
2.94 
1.27 
1.13 
1.21 

U.31 
1.38 
2.58 

U.93 
1.23 
1.13 
1.14 

2  1.65 
1.50 

2  1.71 
1.60 

2  1.50 
2.36 


1.53 
2  1.44 

1.86 
2  1.50 
2  1.81 


Centri- 
fuge 
moisture 

equiva- 
lent 
ratio 


0.65 
.78 
1.00 


.67 
.50 

.65 
.69 
.60 
.77 
.79 
.67 
.83 
.88 
.58 
1.42 
1.00 
1.19 
1.69 
1.10 
.87 
1.19 
.77 
1.21 


Field 
moisture 
equiva- 
lent 
ratio 


0.88 
1.00 

.84 
1.04 

.90 

.81 
1.25 

.75 
1.14 

.50 

.91 
1.13 

.78 
2.08 

.83 
2.15 
1.41 
1.50 
1.38 
2.00 
1.09 
1.12 
1.14 
1.50 
1.80 


Condition  of  wearing  surface 


Badly  cracked. 
Good. 


Do. 

Cracked. 

Good. 

Do. 

Wavy. 

Good. 

IWavy,  base  corrugations  not  removed  before  treat- 
/    ment. 

(Slightly  wavy,  base  corrugations  not  removed  before 
J    treatment. 
Good. 

Do. 

Slightly  cracked. 


1  Based  on  mechanical  analysis  of  material  passing  No.  40  sieve. 

2  Soils  which  have  no  significant  shrinkage  limit.    Shrinkage  limit  computed  for  purpose  of  comparison. 
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Table  13. — Ratios  of  test  constants  oj  soils  tested  to  those  of  statistical  soils  having  tfa  same  percentage  of  clay  on  projects  having  topsoil 

or  sand-clay  base 

TOPSOIL   BASE    PROJECTS 


[denl  iflcation 


Proj- 
ect 
No. 

Labora- 

Hole 

tory  No. 

No. 

f  S-6043 

1 

S-6044 

1 

4 

S-6045 

0 

S   liutt. 

2 

-  6047 

3 

S    ..Ills 

3 

3    ..III!. 

4 

S-6050 

5 

6 

I  S-6051 

5 

S-6052 

6 

S-6053 

6 

S-6165 

14 

8 

S-6190 

33 

S  620S 

33 

S-6191 

33 

f  S-6166 

15 

9 

S-6167 

15 

1  S-6168 

16 

S  6169 

16 

S-6174 

24 

10 

S-6175 

24 

1  S-6176 

25 

S-6204 

25 

S-6186 

30 

12 

S-6188 

30 

)  S-6187 

31 

.-'    1.1  Ml 

31 

17 

/  S-6184 
\  S-6185 

29 

29 

18 

f  S-6180 
\  S-6181 

27 

27 

19 

/  S-6182 
\  S-6183 

28 

28 

Course 


Base 

Subgrade. 

Base 

Subgrade. 

Base 

Subgrade. 
B 

do 

Subgrade. 

Base 

Subgrade . 

Base 

do.... 

Subgrade. 

do.... 

Base 

Subgrade. 

Base 

Subgrade. 

Base 

Subgrade. 

Base 

Subgrade. 
Base... ... 

Subgrade. 

Base 

Subgrade. 

Base 

Subgrade. 

Base 

Subgrade 

Base 

Subgrade. 


Ratios  to  statistical  soil  having  same  percentage 

of  claj 

Clay 

content ' 

Liquid 
limit 
ratio 

Plastic 
index 
ratio 

Shrink- 
age limit 
ratio 

Centri- 
fuge 

moisture 
equiva- 
lent 
ratio 

Field 

moisture 
equiva- 
lent 

ratio 

Per  cent 

12 

0.  so 

0 

M.25 

0.  36 

1.  12 

29 

.70 

.81 

1.21 

.  72 

.71 

17 

.64 

.43 

1   mi 

.78 

.75 

to 

.88 

85 

2.08 

1.00 

1.  06 

11 

.74 

0 

2  1.19 

.50 

1.00 

21 

.72 

.89 

1.20 

.71 

.78 

22 

.50 

.  50 

.87 

.50 

.57 

28 

.51 

.50 

1.21 

.64 

.57 

29 

1.05 

1.00 

2.  07 

1.21 

1.21 

23 

.41 

.  18 

.93 

.  35 

.  50 

39 

.87 

.80 

2.  15 

.90 

1.09 

17 

.76 

.57 

1.06 

1.00 

.95 

23 

.63 

.45 

1.27 

.78 

.79 

25 

.77 

.85 

1.67 

.92 

.81 

29 

1.  is 

1.44 

1.64 

1.31 

1.21 

17 

.  56 

.43 

2.94 

.78 

.70 

48 

.  78 

.82 

1.58 

77 

1.05 

19 

.  07 

.50 

1.13 

.68 

.73 

34 

.87 

1.00 

1.36 

.85 

.  'JO 

20 

.86 

.89 

1.27 

1.00 

.95 

21 

1.59 

1.44 

2.67 

LSI 

1.96 

26 

.94 

.SI, 

1.67 

1.04 

1.  12 

19 

1.56 

1.50 

2.  40 

1.32 

1.86 

19 

.70 

.50 

1.00 

.89 

.86 

34 

.98 

.90 

2.07 

.82 

1.  16 

30 

.  93 

.89 

1.64 

.93 

1.03 

14 

2.41 

0 

2.94 

2.13 

3.  06 

19 

.67 

.75 

1.07 

.89 

.73 

45 

.85 

.80 

1.92 

.73 

1.03 

29 

.73 

.03 

1.50 

.97 

.80 

19 

1.48 

1.50 

2.  40 

1.26 

1.77 

30 

.64 

.56 

1.21 

.  77 

.  69 

32 

1.27 

1.16 

2.29 

1.25 

1.53 

i  Jondition  <.f  wearing  surface 


Lean. 

Spongy  and  i 

Good. 

Do. 
Do. 

Do. 

Rough  and  wavy. 
Badly  cracked. 

i  io. i.l. 

Slightly  cracked. 

Good. 

Crackcl 

Good. 

Slightly  cracked. 

Good. 

Rutted. 

Good. 


SAND-CLAY   BASE   PROJECTS 


S-6058 
f  S-6195 
1  S-6164 
/  S-6192 
1  S-6193 

S-6177 
{  S-6178 
I  S-6179 


Base 

do.... 

Subgrade. 

Base. 

Subgrade. 
Base 

Subgrade. 
do.... 


Per  cent 

16 

0.75 

0 

2  1.31 

0.47 

0.90 

19 

.85 

1.25 

1.07 

.08 

.82 

11 

.84 

0 

1.25 

.  SO 

.80 

38 

.74 

.75 

1.77 

.  63 

.85 

15 

.  65 

0 

2  1.13 

.  29 

.  Ml 

19 

.  85 

.88 

1.27 

1.05 

.  95 

34 

.98 

1.05 

1.86 

.91 

1.00 

15 

1.48 

0 

2  2.  38 

1.  12 

1.89 

Good. 
Pitted. 


Good. 
Do. 


1  Based  on  mechanical  analysis  of  material  passing  No.  40  sieve. 

2  Soils  which  have  no  significant  shrinkage  limit.    Shrinkage  limit  computed  for  purposes  of  comparison. 


Their  clay  contents  were,  respectively,  9  and  11  per 
cent. 

The  high  field  moisture  equivalent  ratios  (greater 
than  1.06)  of  base  samples  6203,  project  11;  6196, 
project  13;  6199,  project  15;  6201  and  6198,  project  16; 
and  6043,  project  4,  combined  with  plasticity  indices  of 
zero  suggest  the  presence  of  detrimental  expansive 
properties  due  in  part  to  the  absence  of  cohesion. 
These  samples  have  clay  contents  of  11  per  cent  or 
less.  However,  three  of  the  six  surfaces  represented 
by  these  samples  are  reported  as  being  in  good  condition. 

Seven  subgrade  samples  (Nos.  6054,  project  7;  6171, 
project  14;  6175  and  6204,  project  10;  6189,  project  12; 
6181,  project  18;  and  6183,  project  19)  listed  as  A-5 
soils,  indicated  potential  elastic  properties  high  enough 
to  cause  their  shrinkage  limits  to  exceed  30. 

In  the  case  of  samples  6183  and  6054  the  relatively 
high  plasticity  indices  of  22  and  29,  respectively, 
indicate  cohesive  properties  tending  to  reduce  the 
elasticity  of  the  material  in  service.  It  is  interesting 
to  note  that  the  road  surfaces  laid  on  the  subgrades 
from  which  these  two  samples  were  taken  remained  in 
good  condition.  The  road  surfaces  laid  on  four  of  the 
five  subgrades  represented  by  the  other  A-5  soil  samples 
referred  to  developed  defects. 

There  is  nothing  in  the  test  results  on  base  samples 
6045,  project  4;  6165  and  6190,  project    8  and  6168, 


project  9,  to  account  for  the  defects  developed  by  the 
surfaces  represented  by  these  samples. 

The  data  regarding  the  desirable  properties  of  soil 
mortars  and  subgrade  soils  is  not  comprehensive 
enough  to  permit  the  drawing  of  hard  and  fast  speci- 
fications. Added  to  the  information  which  has  been 
previously  collected  regarding  these  matters,  the  pre- 
ceding discussion  becomes  quite  indicative.  The  fol- 
lowing is  suggested  for  bases  to  be  surface  treated: 

1.  Binder  clays  having  high  plasticity,  indicated  by 
plasticity  index  ratios  greater  than  1,  with  normal 
expansive  properties,  indicated  by  field  moisture  equiva- 
lent ratios  less  than  1.06,  should  not  be  present  in  base 
mortars  in  amounts  exceeding  20  per  cent. 

2.  Highly  expansive  clay  binders  indicated  by  field 
moisture  equivalent  ratios  greater  than  1.06  are  likely 
to  prove  troublesome,  whether  the  plasticity  is  high  or 
low. 

3.  The  less  plastic  subgrades  of  the  A-5  groups  are 
likely  to  prove  troublesome  in  surface-treated  roads. 

4.  Binder  clays  having  plasticity  index  ratios  of  1.00 
or  less  and  field  moisture  equivalent  ratios  not  exceed- 
ing 1.06  can  be  used  in  varying  amounts  successfully. 

For  example,  as  is  shown  in  Table  2,  sand-clay-gravcls 
with  clay  up  to  15  per  cent  functioned  well  with  surface 
treatments,  whereas  those  on  which  the  treatments 
cracked  contained  slightly  more  than  20  per  cent. 
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The  excellent  performance  of  the  base  represented  by 
sample  6060,  project  7,  with  36  per  cent  of  clay,  may 
have  been  due  more  to  good  drainage  conditions  than 
to  good  grading  of  soil  material.  In  this  connection, 
however,  it  should  be  recalled  that  when  enough  fine 
material  is  present  to  make  A-7  soils  impervious,  they 
lose  stability  primarily  as  a  result  of  water  entering 
from  the  top.  Consequently,  as  illustrated  by  the 
Minnesota  gumbos,  they  are  stabilized  by  surface 
treatments  preventing  the  entrance  of  water  from  above. 
It  is,  therefore,  possible  that  soils  with  either  a  very  large 
or  very  small  amount  of  clay  may  function  well  when 
surface-treated,  whereas,  a  soil  containing  a  moderate 
amount  may  cause  softening  and  loss  of  stability. 

A  number  of  the  sand-clay-gravel  base  projects  were 
built  of  river-washed  material  containing  only  from  4 
to  13  per  cent  of  clay.  The  surfaces  on  these  projects 
were  generally  in  better  condition  than  those  built  on 
bases  having  considerably  larger  percentages  of  clay 
binder.  The  river-bed  sand-clay-gravel  contained  a 
high  percentage  of  material  larger  than  2  millimeters, 
as  much  as  71  per  cent  in  one  instances,  and  exceeding 
50  per  cent  in  4  cases. 

The  sand-clay  and  topsoil  bases  wliich  are  shown  in 
Table  3  to  have  given  good  service  had  clay  contents 
varying  from  9  to  26  per  cent.  The  clay  contents  of 
the  faulty  bases  varied  from  12  to  26  per  cent.  It  is 
thus  apparent  that  the  clay  content  alone  is  not  a 
criterion  of  the  service  value  of  the  base  materials. 

PROPERTIES    OF    SUBGRADE    AND    BASE    MATERIALS    IMPORTANT 
IN    SURFACE    TREATMENT 

It  is  evident  from  the  foregoing  discussion  that  the 
behavior  of  surface  treatments  depends  upon  the 
character  of  the  base  and  subgrade  materials.  The 
suitability  of  the  underlying  material  is  largely  depend- 
ent upon  the  character  and  quantity  of  the  binder. 
The  suitability  of  an  untreated  road  as  a  base,  or  new 
base  construction  for  surface  treatment,  is  often  indi- 
cated by  its  behavior  under  traffic.  An  untreated 
surface  which  tends  to  ravel  in  dry  weather  will  prob- 
ably be  more  satisfactory  after  treatment  than  one 
which  remains  well  bonded.  This  is  contrary  to  early 
opinions  on  this  subject;  but  experience  has  shown 
that  where  a  given  clay  is  used  as  a  binder  a  less  amount 
is  desirable  in  bases  for  surface  treatment  than  is 
required  for  an  unsurfaced  road  of  the  same  material. 
The  clay  required  for  stability  in  the  latter  tends  to 
become  plastic  after  surface  treatment,  because  the 
surface  mat  prevents  evaporation  and  causes  the  base 
to  yield  under  traffic;  and  this  leads  to  weakening  and 
failure  of  the  mat. 

The  maximum  amount  of  clay  binder  permissible  in 
the  base  depends  largely  upon  the  fine  materials  and 
particularly  on  the  character  of  the  clay  itself.  Be- 
cause of  the  presence  in  base  materials  of  certain  soil 
constituents  which  determine  to  a  large  extent  the 
behavior  of  the  base,  it  is  possible  to  apply  soil  anah  >i^ 
not  only  to  the  subgrade  soils  but  to  the  base  course 
material  as  well. 

Unsatisfactory  base  materials  were  used  on  several 
of  the  projects  studied,  with  resulting  failure  of  the 
surface.  In  some  cases  also  the  constructed  base 
courses  were  composed  of  materials  inferior  to  the 
natural  soil  in  the  road.  Analyses  of  the  materials 
before  construction  would  not  only  have  prevented  the 
use   of   this   unsatisfactory   material   but   would   have 


brought  out  the  possibility  of  using  the  natural  soil  or 
would  have  indicated  the  best  method  of  treating  it 
to  make  it  satisfactory. 

For  example,  sand  admixtures  are  likely  to  prove 
beneficial  to  base  materials  when  highly  plastic  clay 
with  a  plasticity  index  ratio  greater  than  1.00  is  present 
in  amounts  exceeding  20  per  cent.  This  same  type  of 
clay,  in  moderate  amounts,  may  prove  beneficial  in 
stabilizing  elastic  bases  which  have  little  or  no  plasticity 
and  have  field  moisture  equivalent  ratios  greater  than 
1.00  The  same  type  of  clay  may  be  advantageously 
used  in  considerable  amounts  to  stabilize  highly 
clastic  A-5  soils. 

ADAPTABILITY    OF   VARIOUS   SOIL   GROUPS   FOR    SURFACE 
TREATMENT   SUMMARIZED 

The  performance  which  may  in  general  be  expected 
from  soils  of  the  various  uniform  groups,  when  used  as 
bases  for  surface  treatment,  is  outlined  in  the  following 
paragraphs : 

Group  A—l. — Materials  would  be  highly  satisfactory 
but  are  seldom  encountered.  There  is  also  the  possi- 
bility of  softening  on  very  wet  subgrades. 

Group  A-2. — Materials  range  from  friable  to  plastic. 
The  less  plastic  materials  are  satisfactory.  The  more 
plastic  materials  are  unsatisfactory,  except  under  dry 
conditions,  but  are  often  used.  The  presence  of 
micaceous  materials  tends  to  decrease  greatly  the  sta- 
bility of  the  base  material.  Some  suitable  treatment 
for  reducing  the  plasticity  of  the  material  or  stabilizing 
bases  having  the  more  plastic  characteristics  should  be 
applied.  A  large  percentage  of  the  bases  studied  come 
under  this  group. 

Group  AS. — Materials  are  highly  satisfactory  for 
surface  treatment.  In  the  construction  of  a  bitumi- 
nous mat  on  this  material  a  large  amount  of  primer 
will  probably  be  necessary  to  stabilize  the  surface  of 
the  base.  The  sand-gravel  materials  obtained  from 
runs  and  river  beds  and  used  on  some  of  the  projects, 
such  as  project  11  and  parts  of  projects  13  and  16, 
arc  of  this  group,  as  are  the  topsoils  used  on  project  4 
and  part  of  project  6. 

Group  A-%. — Material  is  not  satisfactory  for  surface 
treatment  except  under  favorable  moisture  conditions. 
Since  material  is  deficient  in  sand,  stabilizing  by  mixing 
a  fairly  light  tar  with  it,  or  laying  a  thin  surface  cover 
of  coarse  graded  aggregate,  would  probably  be  more 
practicable  than  adding  a  large  amount  of  sand  or 
other  fine  granular  materials,  wliich  would  be  required 
as  an  admixture.  The  topsoil  on  part  of  project  10  is 
of  this  class.  This  material  was  not  given  any  special 
treatment  and  the  surface  mat  has  developed  some 
cracks. 

Group  A-5. — Materials  may  not  be  satisfactory  for 
surface  treatment  because  of  detrimental  elasticity. 
Stabilizing  by  mixing  a  light  tar  with  the  surface  would 
probably  be  as  satisfactory  as  employing  a  thick  top 
course  of  stone  or  other  suitable  material. 

Group>s  A-6  and  A-7. — Materials  generally  lose 
stability  as  a  result  of  water  entering  from  above. 
Surface  treatments  which  prevent  this  entrance  of 
moisture  produce  fairly  satisfactory  results.  A  thin 
top  course  of  sand  added  to  the  surface  would  greatly 
improve  the  material  for  surface  treatment.  The  A-7 
soil,  found  extensively  in  the  Piedmont  area,  is  a  light 
red-colored  material.  The  base  material  on  part  of 
project  7  is  of  this  type. 
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THE  WISCONSIN  FINANCIAL  SURVEY 

Digest  of  a  Survey  of  the  Finances  of  Wisconsin  in  1930,  with  Special  Reference  to  Highways,  Conducted  by  the  Bureau  of  Public  Roads  and  the  University  of 

Wisconsin 


THEBI/REAl  of  Public  Roads  in  cooperation  with 
the  University  of  Wisconsin  lias  recentbj  been  con- 
ducting a  series  of  studies  in  a  number  of  States  in- 
volving  the  expenditures  for  highway  purposes  and  the 
incidence  of  taxes  for  these  and  other  purposes.  Dur- 
ing the  late  months  of  1930  and  all  of  1931  such  an  in- 
vestigation was  made  in  Wisconsin.1 

This  summary  of  the  voluminous  report  which  re- 
sulted has  been  prepared  by  the  Division  of  Highway 
Transport  of  the  Bureau  in  order  that  the  results  may 
be  made  available  insofar  as  they  apply  to  the  general 
problem  of  highway  taxes,  the  distribution  of  expendi- 
tures, and  the  relation  of  both  to  the  use  of  highways. 
Other  tax  relationships  are  incidentally  revealed. 

The  calendar  year  1930  was  chosen  for  study  because 
it  was  a  census  year  and  the  latest  year  for  which  data 
were  available.  In  some  cases,  the  system  of  public 
records  required  that  the  fiscal  year  ending  in  1930  be 
used.  The  variations  in  comparisons  due  to  using  other 
than  the  calendar  year  for  these  items  are  known  to  be 
negligible,  and  probably  less  than  they  would  have  been 
had  arbitrary  adjustments  to  the  calendar  year  basis 
been  made. 

To  classify  the  incidence  of  taxation,  the  State  was 
divided  into  groups  of  governmental  units  and  into 
classes  of  residence.  To  distribute  expenditure,  the 
highway  classifications  in  use  in  the  State  were  adopted. 

With  respect  to  classes  of  residence,  the  State  was 
divided  into  towns  (comprising  all  rural  areas)  and  in- 
corporated places,  the  latter  being  classified  as  follows: 

Places  having  a  population  up  to  2,500. 
Places  having  a  population  of  2,500  to  15,000. 
Places  having  a  population  of  15,000  to  75,000. 
Places  having  a  population  of  75,000  to  300,000. - 
Places  having  a  population  of  300,000  upward.3 

(  Vrtain  of  the  smaller  incorporated  places  are  known 
as  villages,  but  all  are  included  in  the  classification 
given  above.  In  the  portion  of  the  report  dealing  with 
motor  vehicles  and  motor-vehicle  travel  the  village 
classification  was  used. 

THE  TAXING  SYSTEM  DESCRIBED 

All  taxation  in  the  State  is  under  the  general  super- 
vision of  the  State  tax  commission,  a  paid  commission 
consisting  of  three  members  appointed  by  the  Governor. 
The  State  income  tax  and  the  inheritance  tax  are  ad- 
ministered entirely  by  the  commission.  The  valuation 
tax  on  railroads,  car  companies,  etc.,  and  on  all  pubic 
service  corporations  operating  in  more  than  one  govern- 
mental district,  is  also  determined  by  the  commission. 
Most  of  these  taxes  are  retained  by  the  State. 

The  valuations  used  throughout  the  study  are  the 
valuations  of  the  State  tax  commission  and  all  tax 
rates  are  applied  to  these  valuations.     It  is  conceded 

1  The  investigation  was  under  the  immediate  direction  of  Henry  K.  Trumhower, 
professor  of  economics  at  the  University  of  Wisconsin;  tabulations  and  analyses  of 
highway  and  financial  data  were  prepared  by  the  late  A.  R.  Hirst,  engineer,  and  II.  It 
Briggs,  statistician. 

1  No  incorporated  places  of  this  classification  appear  in  Wisconsin. 

5  The  city  of  Milwaukee  is  alone  in  this  class  in  Wisconsin. 
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that  the  valuations  are  not  quite  loo  percent  of  true 
1930  property  values,  but  they  are  probably  closer  to 

it   than    in    most    States,    on    the   average,    and    are    well 

proportioned  as  between  the  several  counties. 

The  State  property  taxes  are  allotted  to  the  counties 
on  the  State  tax  commission's  basis  of  valuations, 
The  State  and  county  taxes  are  allocated  to  the  various 
local  governmental  units  on  the  valuations  as  equalized 
by  the  county  boards.  The  local  units  finally  colled 
the  State,  county,  and  local  property  taxes  on  the  basis 
of  the  local  valuation.  In  order  to  put  the  facts  relat- 
ing to  taxation  on  a  parity  for  the  purposes  of  this 
study,  all  property  taxes  have  been  computed  on  the 
basis  of  the  State  valuation. 

Throughout  the  investigation,  effort  was  made  to 
eliminate  duplicate  and  agency  transactions  from  the 
receipts  and  expenditures  of  each  class  of  units  of 
government.  For  bookkeeping  and  accounting  pur- 
poses, each  treasurer  must  enter  all  moneys  received 
as  a  receipt,  and  all  moneys  paid  out  as  an  expenditure. 
In  many  cases,  involving  very  huge  amounts,  receipts 
pass  through  the  hands  of  several  treasurers  before 
they  are  finally  paid  out  to  meet  an  actual  public 
expenditure  and  to  that  extent  increase  unduly  the 
book  receipts  and  expenditures  of  public,  funds. 

The  entire  study  was  governed  by  the  following  rules: 

1.  To  consider  as  taxes  of  each  class  of  units  of 
government  only  those  taxes  levied  by  act  of  its  proper 
officials. 

2.  To  consider  as  receipts  only  those  funds  finally 
credited  as  having  been  expended  (not  transferred)  by 
officials  of  that  unit  of  government. 

3.  To  consider  as  expenditures  only  those  funds 
disbursed  (not  transferred)  under  the  direction  of  the 
officials  of  that  unit  of  government  in  or  for  that  unit  of 
government. 

Four  governmental  purposes  only  were  recognized 
in  the  study,  and  all  items  were  allocated  under  one  or 
the  other  of  these.     These  purposes  were  sis  follows: 

1.  Highways. — All  items  having  to  do  with  the  con- 
struction, maintenance,  marking  and  signing,  and 
administration  of  all  public  highways. 

2.  Education. — All  items  having  to  do  with  the 
construction,  maintenance,  teaching,  and  administra- 
tion of  all  public  schools,  and  .also  of  libraries. 

3.  Public  protection  and  benefit.-  -All  items  having  to 
do  with  the  protection  of  lives  and  property  and  the 
pleasure  of  the  people,  including  police  and  lire  protec- 
tion, courts  and  their  officials,  parks  and  playgrounds, 
and  charitable  and  penal  activities. 

4.  Government.-  All  items  having  to  do  with  the 
general  administration  of  those  public  affairs  of  a  unit 
of  government  which  are  not  capable  of  .allocation  to 
one  of  the  three  public  purposes  mentioned  above. 

POPULATION   AND  ASSESSED  VALUATION 

In  1930  Wisconsin  had  71  counties,  subdivided  into 
1,2N0  towns  (rural  units  of  government),  359  incorpo- 
rated villages,  and    1  11  incorporated  cities.     Milwaukee 
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city  and  County  was  the  onh'  metropolitan  area, 
although  there  were  18  other  cities  having  a  population 
of  over  15,000.  Of  the  population  of  2,939,006  in 
1930,  37.1  percent  lived  in  the  towns  (rural  areas); 
10  percent  in  incorporated  places  having  a  population 
of  2,500  or  less;  12.4  percent  in  places  having  a  popu- 
lation of  2,500  to  15,000;  20.8  percent  in  places  having 
a  population  of  15,000  to  75,000;  and  19.7  percent  in 
Milwaukee  city,  which  had  a  population  of  578,249. 
In  short,  37.1  percent  of  the  population  was  rural  and 
ii2.(.)  percent  was  urban. 

The  assessed  valuation  of  all  taxable  property  in 
Wisconsin  in  1930  was  approximately  $5,896,513,000. 
Thirty-seven  percent  of  the  assessed  valuation  was  in 
the  towns;  7.3  percent  in  incorporated  places  having  a 
population  of  2,500  or  less;  10.1  percent  in  places  having 
a  population  of  2,500  to  15,000;  21.9  percent  in  places 
having  a  population  of  15,000  to  75,000;  and  23. "i 
percent  was  in  Milwaukee  city.  Thus,  37  percent  of 
the  valuation  was  in  the  rural  areas,  and  63  percent 
in  the  urban  areas.  Of  the  total  valuation,  61.1  per- 
cent was  in  the  13  highest  valued  counties,  which 
comprise  only  13.2  percent  of  the  total  area  of  the 
State. 

LARGE  AREAS  OF  LAND  YIELD  NO  TAXES 

An  effort  was  made  to  ascertain  the  area  of  lands 
upon  which  taxes  were  not  paid  in  1930,  but  without 
results  definite  enough  to  publish.  However,  the 
consensus  of  opinion  of  those  best  informed  is  that 
taxes  were  not  paid  in  1930  on  4,000,000  to  5,000,000 
acres  of  land  previously  privately  held.  This  would 
mean  probably  7,000  square  miles,  or  about  one  eighth 
of  the  whole  area  of  Wisconsin.  This  acreage  lies 
almost  entirely  in  the  northern  part  of  the  State  and 
in  the  central  sandy  area.  In  addition,  the  Federal 
Government  and  the  State  now  own  about  500,000 
acres,  or  800  scpiare  miles,  in  parks,  forest  areas,  and 
Indian  reservations  lying  almost  entirely  in  the  same 
areas. 

HIGHWAY  SYSTEMS  IN  1930 

In  1930  there  were  three  highway  systems  in  the 
Slate:  (1)  The  State  trunk  highway  system  consist- 
ing of  10,218  miles,  which  was  again  divided  into 
2,345  miles  of  primary  Federal-aid  highways,  3,246 
miles  of  secondary  Federal-aid  highways,  and  4,627 
miles  of  other  State  trunk  highways;  (2)  the  county 
trunk  highway  system  consisting  of  13,827  miles; 
and  (3)  the  remaining  roads  and  streets,  for  the  most 
part  strictly  local  roads,  amounting  to  65,494  miles. 
Of  this  mileage,  58,934  miles  were  local  town  road-, 
1,567  miles  were  village  streets,  and  4,993  miles  were 
city  streets.  A  summary  and  percentage  relation- 
ship is  given  in  table  1. 

Table  1. — Classification  of  highways,  roads,  and  streets  in  1930 


Type 


State  highway  system 

County  trunk  highway  system 

Town  roads 

Village  streets 

City  streets 

Total 


Miles 


10,218 
13, 827 
58, 934 
1,567 
4,993 


89,  539 


Percent- 
age of 
total 


11.4 

15.4 

65.8 

1.8 

5.6 


100.0 


There  were  39,643  miles  of  surfaced  rural  highways 
in  Wisconsin  on  December  30,  1930.  This  was  47.8 
percent  of  all  rural  highways.     Of  this  mileage,  3,576 


miles  (9  percent)  were  concrete  or  its  equivalent;  781 
miles  (2  percent)  were  bituminous  macadam;  35,286 
miles  (89  percent)  were  crushed  stone,  gravel,  and  other 
minor  surfacings.  Following  are  the  mileages  surfaced 
and  percentage  of  all  mileage  surfaced  on  the  several 
rural  highway  systems: 


Federal-aid  highways  (primary) 

Federal-aid  highways  (secondary).. 

Other  State  trunk  highways 

Whole  State  trunk  highway  system 

County  trunk  highways 

Local  town  roads 


Miles 
surfaced 


2,341 
3.090 
3, 932 
9,363 
9,283 
20, 997 


Percent- 
age sur- 
faced 


95.2 
85.0 
91.6 
67.1 
35.0 


Out  of  the  4,357  miles  of  high-type  surfaces,  3,714 
miles  (85.2  percent)  were  on  the  State  trunk  highway 
system;  630  miles  (14.5  percent)  were  on  the  county 
trunk  highway  system;  and  13  miles  (0.3  percent)  were 
on  local  roads. 

One  county  (Milwaukee)  had  every  mile  of  road  in 
the  county  surfaced,  with  30  percent  surfaced  with  con- 
crete or  its  equivalent.  The  least  populous  group  of 
counties  had  only  26  percent  of  its  mileage  surfaced. 
The  most  populous  group  after  Milwaukee  County  had 
80  percent  of  its  mileage  surfaced,  of  which  about  one 
sixth  was  of  high  type. 

PERSONAL   REPORTS  USED  TO  OBTAIN  DATA  ON  MILEAGE  TRAV- 
ELED AND  INCIDENCE  OF  MOTOR-VEHICLE  TAXATION 

As  it  was  the  general  purpose  of  the  study  to  deter- 
mine the  amount  of  the  various  taxes  and  imposts, 
who  paid  them,  where  the  money  was  expended  and 
for  what  purpose,  and  to  disclose  the  relationships  be- 
tween the  various  taxes  and  expenditures,  it  was  neces- 
sary to  ascertain  the  distribution  of  automotive  reve- 
nues and  gasoline  taxes  paid.  For  this  purpose,  per- 
sonal reports  were  gathered  from  5,116  vehicle  owners 
to  determine  the  mileage  traveled  on  the  different  classi- 
fications of  highways.  A  distribution  of  revenue  was 
then  made  on  this  basis. 

Only  those  owners  were  questioned  whose  motor 
vehicles  operated  through  the  whole  of  1930.  The 
investigators  were  instructed  to  interview  owners  who 
would  readily  respond,  selected  from  all  parts  of  the 
unit  of  government  being  surveyed  and  from  all  walks 
of  life.  They  were  instructed  to  get  in  the  rural  dis- 
tricts a  proper  proportion  of  motor  vehicles  as  between 
farmers  living  on  each  of  the  three  road  systems.  Es- 
pecial and  painstaking  efforts  were  to  be  made  to 
determine  accurately,  as  far  as  possible,  the  total  mile- 
age traveled  by  each  motor  vehicle  and  its  gasoline 
consumption  in  Wisconsin  in  1930.  These  were  to  be 
carefully  estimated  or  established  from  all  the  known 
facts. 

RECEIPTS  FROM  TAXATION  ANALYZED 

The  total  receipts  from  all  taxes  and  imposts  in  1930 
were  $211,679,900,  of  which  $126,998,400  were  derived 
from  the  general  property  tax,  $12,976,300  from  motor 
vehicle  and  drivers'  license  fees,  $7,947,200  from  the 
gasoline  tax,  and  $63,758,000  from  other  miscellaneous 
sources. 

THE  GENERAL  PROPERTY  TAX 

The  total  general  property  tax  levied  and  collected 
in  the  tax  year  1930  was  distributed  as  shown  in  table  2. 

As  all  persons  in  Wisconsin  live  either  in  towns  (town- 
ships) or  in  incorporated  places,  the  above-mentioned 
table  may  be  restated  by  allocating  the  direct  levies  by 
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Table  2.- — General  property  taxes  imposed  by  the  various 
governing  units 


Imposed  by- 

Amount 

Percent- 
age of 
total 

State - - 

$4,  290,  800 
33,  291,  Mid 
20,  003,  700 
7,415,100 
10,941,300 
21,807,300 
28, 579, 400 

3.38 

26.  22 

10.27 

Places  up  to  2,500.  .                            

5.  84 

Places  2,500  to  15,000.  .                                      

8.  62 

Places  15,000  to  75,000 - 

17.17 

22.50 

Total 

126,998,400 

100. 00 

Table  3. — Incidence  of  total  general  properly  tax 


Paid  by  taxpayers  in- 


'Arnount  paid 


Towns 

Places  up  to  2,500 

Places  2,500  to  15,000. 
Places  15,000  to  75,000 
Milwaukee 

Total.. 


$38, 148,  SOI) 
10,  789,  700 
15, 123,  800 
28,  980,  000 
33,  956,  100 


126, 998, 400 


Percent- 
age of 
total 


30.04 
8.50 
11.91 
22.82 
26.73 


Tax  rate 

per  $100 


100.00 


$1.07 
2.50 
2.57 
2.  24 
2.40 


2.13 


counties  and  the  State  to  the  municipalities  in  which 
the  taxes  were  paid,  thus  showing  the  incidence  of 
property  taxes  on  taxpayers  in  rural  areas  (towns)  and 
in  incorporated  places,  together  with  the  tax  rates. 
The  resulting  distribution  is  shown  in  table  3. 

The  actual  average  total  tax  rates  to  produce  the 
funds  actually  raised  by  levies  upon  property  are  also 
shown.  If  all  State,  county,  and  local  taxation  and 
imposts  had  been  levied  as  a  direct  tax  upon  the  true 
valuation  of  all  taxable  property,  the  approximate 
average  tax  rates  would  have  been  as  follows : 

Per  $100 
of  valua- 
tion 

Towns $2.  72 

Places  up  to  2,500 4.  12 

Places  2,500  to  15,000 4.  23 

Places  15,000  to  75,000 3.  91 

Milwaukee 4.  08 

Average  for  the  State- 3.  54 

Property  taxes  were,  therefore,  the  following  percent- 
ages of  all  taxes  and  imposts  paid  by  residents  of  these 
groups  of  local  governmental  units : 

Percent 

Towns Gl.  4 

Places  up  to  2,500 60.  7 

Places  2,500  to  15,000 GO.  8 

Places  15,000  to  75,000 57.  3 

Milwaukee 60.  3 

Average  for  the  State 60.  2 

MOTOR-VEHICLE  REGISTRATION  AND  IMPOSTS 

The  motor-vehicle  license  fees  and  the  gasoline  tax 
together  provide  all  funds  needed  to  pay  the  cost  of  all 
State  participation  in  highway  work,  including  State 
aid  and  the  mileage  allowances  to  all  other  units  of 
government.  The  State-retained  share  of  the  proceeds 
of  these  imposts,  together  with  the  Federal  aid,  is 
spent  in  great  part  upon  the  State  trunk  highway 
system. 

There  were  794,404  (net)  motor  vehicles  of  all  types 
registered  in  1930.  This  was  one  for  every  3.7  persons. 
There  was  one  automobile  for  every  4.3  persons,  and 
one  motor  truck  for  every  26.7  persons.  There  were 
only  601,555  motors  vehicles  assessed  as  of  May  1,  1930. 


Probably  only  about  80  percent  of  the  vehicles  registered 
were  located  by  the  assessors.  The  average  assessed 
value  of  all  motor  vehicles  was  $261.  The  assessment 
varied  from  an  average  of  $189  in  the  (own-  to  $360  in 
Milwaukee.  The  property  tax  on  motor  vehicles  was 
abandoned  in  1931,  when  the  4-eent  gasoline  tax 
became  effective.  The  per  capita  ownership  of  motor 
vehicles  was  highest  in  the  towns  where  it  was  one  to 
every  3.3  persons.  In  Milwaukee  it  was  one  to  every 
4.2  persons. 

The  total  motor-vehicle  license  lees  paid  in  L930 
were  $12,976,308.  The  total  cost  of  licensing  includ- 
ing title  certificates  and  drivers'  licenses)  was  $851,244, 
which  averaged  $1.07  per  motor  vehicle  registered. 
About  $26,000,  collected  as  drivers'  licenses,  etc.,  is 
included  in  the  above.  The  cost  of  collection  was 
6.56  percent  of  all  the  fees  collected.  The  average  Ice 
paid  for  passenger  automobiles  was  $13.08;  for  motor 
trucks,  $26.50;  for  city  busses,  $275:  lor  intercity 
busses,  $386;  for  publicly  owned  vehicle-.  Si.  The 
average  fee  paid  for  motor  vehicles  privately  owned  and 
registered  was  about  $10.50.  The  average  for  all 
vehicles,  including  those  publicly  owned,  was  $16.33. 
In  general,  the  average  fee  paid  increased  as  the  place 
of  residence  became  more  urban.  Residents  of  the 
towns  paid  the  lowest  average  fee  on  all  classes  of 
vehicle. 

The  total  (net  after  refunds)  gasoline  tax  paid  (at 
the  1930  rate  of  2  cents  per  gallon)  was  $7,947,193, 
The  cost  of  collecting  this  tax  and  making  the  refunds 
was  $16,301,  or  about  0.2  percent  of  the  net  receipts. 
The  average  gasoline  tax  paid  in  1930  for  each  motoi 
vehicle  licensed  was  $10,  indicating  an  average  taxed 
consumption  of  500  gallons  per  motor  vehicle. 

The  average  motor  vehicle  license  fee  plus  the  aver- 
age gasoline  tax  paid  was  $26.33  per  motor  vehicle. 

Of  the  total  amount  paid  for  the  registration  of 
motor-vehicles,  36.28  percent  was  paid  by  residents  of 
the  towns;  41.69  percent  by  residents  of  villages  and 
of  cities  other  than  Milwaukee;  and  22.03  percent  by 
residents  of  Milwaukee. 

While  the  percentage  of  the  gasoline  tax  paid  by 
motor-vehicle  owners  in  each  class  of  governmental 
unit  is  less  precisely  known  than  the  percentage  of  tin 
license  fees  paid,  it  can  be  stated  with  considerable 
confidence  that,  of  the  total  gasoline  tax  paid  by 
Wisconsin  owners,  approximately  30  percent  is  paid  by 
residents  of  the  towns;  48  percent  by  residents  of 
villages  and  of  cities  other  than  Milwaukee;  and  22 
percent  by  residents  of  Milwaukee. 

INCIDENCE  OF  MOTOR-VEHICLE  AND  GASOLINE  TAXES 

Table  4  shows  the  probable  distribution  of  the 
amounts  paid  for  motor-vehicle  registration  fees  and 
for  motor-fuel  taxes  by  motor-vehicle  owner-  residing 
in  the  several  classes  of  units  of  government.  This 
tabulation  is  based  on  a  study  of  tin'  actual  place  of 
ownership  and  the  lees  paid  by  over  20,000  of  the  motor 
vehicles  registered  in  Wisconsin  in  1930.  Unfortu- 
nately, the  State  did  not  in  L930  require  as  a  prerequi- 
site to  registration  that  the  applicant  for  a  license  name 
the  local  unit  of  government  in  which  he  lived.  This 
study,  however,  carefully  located  the  local  place  of 
residence  of  the  above  number  and  ascertained  the  fee 
each  paid,  and  it  is  felt  that  the  percentages  of  motor 
vehicles  owned  in  the  various  local  units  of  government 
and  of  I  he  fees  paid  are  very  close  to  the  probable 
facts  in  Wisconsin. 
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Table  4. — Distribution  of  amounts  paid  for  motor  vehicle  regis- 
tration fees  and  for  motor  fuel  taxes  by  units  of  government 


Unit  of  government 

[tern 

State 
total 

Towns 

Places 
up  to 
2,500 

Places 
2,500  to 
15,000 

Places 

15,000  to 

75,000 

Milwau- 
kee 

Motor  vehicles: 
Percentage     of 
total  owned... 

Number.. 

License  fees: 

Percentage     of 
total  paid.-- .. 

100.  00 

791,  104 

100. 00 
$12,976,300 

$16.  33 

163 

397.  36 

100.  00 
$7,  947,  200 

$10.  00 

$20,  923,  500 
100.  00 
$26.  33 

41.84 
332,  379 

36.28 
$4,  707, 800 

$14. 16 

i  409 

119.07 

29.96 

$2,381,400 

$7.16 

$7,089,201 

;::  ss 
$21.  32 

10.51 
83, 492 

9.  60 

$1,  245,  700 

$14.92 

1618 
45  -'-' 

11.38 
$904,  300 

$10.  83 

$2, 150, 100 

10.27 

$25.  75 

10.  31 
81,903 

10.93 

$1,418,300 

$17.  32 

'675 
48.45 

12.19 
$968,  900 

$11.83 

$2,  387,  200 

11.41 

$29.  15 

20.10 
159, 675 

21.  10 
$2,  745,  800 

$17.20 

1090 
96  54 

24.  30 
$1,930,800 

$12.  10 

$4,  676,  600 

22.35 

$29.  30 

17.24 
136,955 

22. 03 
$2,858,700 

Average  per  ve- 

$20. 87 

Gasoline  consump- 
tion: 
Average  gallons 

Total      gallons 
(in  millions).. 
Gasoline  tax: 

Percentage     of 
total  paid 

Amount. 

Average  per  ve- 

i  734 
88.08 

22.  17 

$1,761,700 

$12. 86 

Pay  merits: 

Total  fees  and 
gasoline  tax... 

Percentage     of 
total  paid 

Average  per  ve- 
hicle.  

$4,620,  100 

22.09 

$33.  73 

1  This  is  the  average  gasoline  consumption  for  motor  vehicles  in  operation  the  whole 
of  1930  as  determined  by  the  survey.  All  other  figures  below  these  are  modified  to 
accord  with  the  actual  motor-fuel  tax  paid. 

As  to  gasoline  consumption  and  gasoline  tax  paid, 
these  were  derived  from  the  survey  of  traffic.  The 
actual  sums  paid  were  computed  upon  the  basis  of  the 
actual  gasoline  tax  paid,  and  not  upon  the  gasoline  con- 
sumption indicated  as  a  result  of  the  traffic  survey.  In 
other  words,  there  was  the  fixed  fact  that  so  many 
dollars  in  gasoline  tax  were  paid  (less  refunds)  and  sub- 
tracting the  estimated  amount  for  tourist  payments,  the 
remainder  was  divided  in  proportion  to  the  relative 
consumption  indicated  by  the  traffic  survey. 

The  data,  given  in  table  4  are  summarized  in  table  5, 
which   indicates  quite  conclusively   that  both  motor- 

Table  5. — Distribution  of  amounts  paid  for  motor  vehicle  regis- 
tration firs  and  for  motor  fuel  taxes  by  units  of  government 


Paid  by  motor  vehicle 
owners  in— 

Motor  ve- 
hicle fees 

I  lasoline 
tax 

Total        Percent 

Pel 

vehicle 

Towns . 

$1,707,81)0 

1,  215,700 
1,418,300 
2,745,800 

2,  858,  700 

$2,381,  400 

904,300 

968,900 

1,930,  Mill 

1,761,700 

$7,08! 

2, 150, 100 
2, 387,  200 
4,  676,  600 
4,  620,  400 

33.  88 
10.27 
11.41 
22.  35 
22.  09 

$21.32 

Places  up  to  2,500- 

Places  2,500  to  15,000 

Places  15,000  to  75,000 

Milwaukee 

25.  75 
29.  15 
29   10 

33.  73 

Total  fur  State 

12,976,300 

7,  947,  200 

20, 923, 500 

100.  00 

26.33 

vehicle  license  fees  and  gasoline  taxes  fall  in  much 
heavier  ratio  on  the  urban  communities  than  on  the 
rural  communities.  This  indicates  that  the  type  of 
motor  vehicle  owned  in  the  rural  communities  probably 
averages  lighter  in  weight  than  in  the  urban  communi- 
ties, besides  the  fact  that  the  average  mileage  traveled 
is  less  than  in  the  urban  communities. 

It  has  been  customary  to  estimate  the  amount  of 
motor-vehicle  license  lees  paid  and  gasoline  tax  paid  on 
the  sole  basis  of  the  number  of  motor  vehicles  registered, 
but  apparently  the  use  of  this  method  leads  to  glaring 
inaccuracies  as  to  tax  payments. 

For  example,  it  will  be  noted  that  while  the  average 
payment  per  motor  vehicle  in  the  towns  in  Wisconsin 


in  1930  was  $21.32,  the  average  payment  by  motor 
vehicles  owned  in  Milwaukee  was  $33.73.  The  pay- 
ments per  motor  vehicle  averaged  $12.41  (58  percent) 
higher  in,  Milwaukee  than  in  the  towns.  The  average 
payments  of  gasoline  tax  were  about  80  percent  larger 
in  Milwaukee  than  in  the  towns. 


TAXATION  DATA  SUMMAHIZE1) 


In  table  6  the  amounts  paid  by  taxpayers  in  the  sev- 
eral classes  of  governmental  unit  are  summarized.     It 

Table  6. — Incidence  and  classification  of  all  taxes  paid  in  1930 


Paid  by  taxpay- 
ers in— 

General  prop- 
erty tax 

Registration 
fees,  drivers' 
licenses,  and 
gasoline  tax 

Miscellaneous 
tuxes,  fees, 
and  imposts 

All  taxes 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Towns 

$38, 148, 800 
10, 789, 700 

15, 123, 800 

28, 980, 000 
33, 956, 100 

30.1 
8.5 

11.9 

22.8 
26.7 

Hill  l 

$7, 089, 200 
2, 150, 100 

2, 387,  200 

4, 676,  600 
4,  620,  400 

33.9 
10.3 

11.4 

22.3 
22.1 

Hill  1 

M0>8\»00 
I.MI'.I,  Mill 

7, 385, 100 

16,861,400 
17, 813,  300 

26.5 
7.6 

11.6 

26.4 
27.9 

100.0 

$62, 126, 400 
17,  749, 600 

24, 896, 100 

50,  518,  000 
56,  389,  800 

29.3 

Place  up  to  2,500.. 

Places    2,500    to 

15,000 

8.4 
11.8 

Places    15,000   to 
75,000 

23.  9 

Milwaukee. 

26,  6 
100.0 

Total      for 
State 

126,  998, 400 

60.0 

20, 923,  500 

9.9 

63, 758, 000 

30.1 

211,679,900 

100.0 

is  shown  in  this  table  that  of  all  taxation  for  all  pur- 
poses in  all  units  of  government,  29.3  percent  was  paid 
by  taxpayers  in  the  towns;  8.4  percent  by  taxpayers  in 
places  having  a  population  of  2,500  or  less;  11.8  per- 
cent by  taxpayers  in  places  having  a  population  of 
2,500  to  15,000;  23.9  percent  by  taxpayers  in  places 
having  a  population  of  15,000  to  75,000;  and  26.6 
percent  by  taxpayers  in  Milwaukee.  It  is  thus  evi- 
dent that,  of  all  taxation,  29.3  percent  fell  upon  tax- 
payers in  rural  areas,  and  70.7  percent  upon  taxpayers 
in  urban  communities. 

Of  the  total  revenue  obtained  by  taxation  for  all 
purposes,  $211,679,900,  it  is  found  "that  60.0  percent 
was  contributed  by  the  general  property  tax,  9.9  per- 
cent by  the  general  taxation  on  motor  vehicles  and 
motor  fuel,  and  30.1  percent  by  miscellaneous  taxes, 
fees,  and  imposts. 

The  funds  described  in  table  6  as  "Miscellaneous 
taxes,  fees,  and  imposts"  are  subdivided  as  follows: 


Amount 

Percent- 
age of 
total 
State 
taxes 

State-imposed  taxes,  fees,  and  imposts: 
Ad  valorem  tax  on  public  utilities: 

$6, 908,  700 
7, 392, 500 

47, 100 

91,000 

236,  200 

21,454,400 

2,  645,  700 

1,555,600 
845,  300 

504,  300 

913,100 

2, 124,  200 

19,  039,  900 

\           6. 8 

Special  imposts  on  motor  vehicles: 

1 

•2 

1 

10.1 

Taxes  on  insurance  companies: 

Life     

Other 

Miscellaneous  taxes: 

i          13.0 

Total                    - 

63,  758,  000 

30.1 

April  1933 
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If  the  percentages  given  in  this  tabulation  are  com- 
bined with  those  of  table  6,  it  will  be  found  that  of  all 
taxation  in  all  units  of  government  (including  all  fees, 
licenses,  and  imposts)  66.8  percent  was  obtained  by 
taxation  on  real  and  personal  property  (including  the 
personal  property  tax  on  motor  vehicles,  $3,300,000) 
and  all  State  ad  valorem  taxes;  10.1  percent  by  licenses, 
fees,  and  taxes  on  motor  vehicles  and  their  use;  10.1 
percent  by  taxation  on  incomes;  and  13  percent  by 
miscellaneous     fees,    licenses,    permits,    and     imposts. 

Of  all  taxation  and  imposts,  33  percent  was  imposed 
by   act   of   State   officials; 
20.7  percent  by  county  offi 


Table   8.     .1//  taxi*  specifically   imposed  fur  high  inn/   purposes 
in  1930  classified  according  in  places  of  collection 


Paid  :                  rs  m 

Amount 

Towns __ 

$23,035,200 

1,806,800 

5,660,700 

10,650,900 

9,032,  100 

1 

i'i ..  e   in.  in  j. mmi 

n  i.  r   j. r,oo  to  15,000 

1(1  7 

r      i     15,000  to  75,000 

20  0 

M  ilw  aukee 

Total 

53,  186, 

100.0 

cials;  9.9  percent  by  the 
people  or  officials  of  towns; 
3.8  percent  by  the  people 
or  officials  of  places  having 
a  population  of  less  than 
2,500;  5.7  percent  by  offi- 
cials of  places  having  a  pop- 
ulation of  2,500  to  15,000; 
1 1 .8  percent  by  officials  of 
places  having  a  population 
of  15,000  to  75,000;  and 
15.1  percent  by  officials  of 
Milwaukee. 

HIGHWAY  REVENUES  OBTAINED 
FROM  GENERAL  PROPERTY 
AND  MOTOR- VEHICLE  TAXES 

Of  the  total  of  $126,998,- 

400  obtained  from  the  gen- 
eral taxation  of  property  in 
1930,  the  sum  of  $31,888,200 
was  imposed  specifically  for 
highway  purposes.  In  this 
sum  are  included  special 
assessments  on  property  to 
the  amount  of  $4,700,700. 
The  income  from  the  taxa- 
tion of  motor  vehicles,  in- 
cluding the  vehicle  and 
drivers'  license  fees,  gas- 
oline tax,  and  special  fees 
and  permits,  is  devoted  en- 
tirely to  highway  purposes. 
The    total    revenue    from 


Table  7. — All  taxation  specifically  imposed  for  highway  ijurposes 
in  1930 

TAXES  IMPOSED  ON  GENERAL  PROPEKTV 


WISCONSIN  TAXES  IN  1930 

The  total  receipts  from  all  taxes  and  imposts  in 
Wisconsin  in  1930  were  $211,679,900.  Receipts 
from  the  taxation  of  general  property  were 
$126,998,400;  from  motor- vehicle  fees  and  gas- 
oline tax,  $20,923,500;  from  special  imposts 
on  motor  vehicles,  $374,300;  from  other  sources, 
including  income  and  inheritance  taxes,  valuation 
tax  on  railroads  and  other  public  utilities,  and 
miscellaneous  fees  and  imposts,  $63,383,700. 

Of  the  total  revenues  from  all  taxes  and 
imposts,  taxpayers  in  the  towns  contributed 
$62,126,400  or  29.3  percent;  those  in  incorporated 
places  having  a  population  of  2,500  or  less, 
$17,749,600,  or  8.4  percent;  in  places  of  2,500  to 
15,000  population,  $24,896,100,  or  11.8  percent;  in 
places  of  15,000  to  75,000  population,  $50,518,000, 
or  23.9  percent;  in  Milwaukee,  $56,389,800,  or 
26.6  percent. 

The  average  actual  tax  rates  on  general  prop- 
erty, per  $100  valuation,  were  as  follows:  Towns, 
$1.67;  places  of  2,500  population  or  less,  $2.50; 
places  2,500  to  15,000,  $2.57;  places  15,000 
to  75,000,  $2.24;  Milwaukee.  $2.46. 

Motor-vehicle  owners  in  the  towns  paid  in 
license  fees  and  gasoline  tax  an  average  of 
$21.32;  in  places  of  2,500  population  or  less,  the 
average  was  $25.75;  in  places  2,500  to  15,000, 
$29.15;  in  places  15,000  to  75,000,  $29.30;  in 
Milwaukee,  $33.73. 


Amount 

Percent 

County 

$14,557,800 
12,629,700 

4,  700.  700 

27.4 

Local-  

23  8 

Special  assessments... ...  

8.8 

Total 

:i,  VSS.200 

60  ii 

IMPOSTS   UPON  MOTOR    VEHICLES  AND  THEIR   OWNERS    VND 
OPERATORS 


Vehicle  and  drivers' license  fees. 

$12,976,300 

47.  100 
91,000 

7,  947,  200 
236,  200 

24.  4 

Bus  and  truck  permits 

.  1 

Ton-mile  tax _  _   .   ._ 

Motor-fuel  tax .  .. 

11  9 

Gasoline  inspection. . 

.4 

Total 

21,297,800 

10  ii 

Grand  total .  .. 

53,  186,  000 

100.0 

these  sources,  $21,297,800, 
provided,  as  stated  previ- 
ously, all  funds  for  State 
participation  in  highway 
work,  including  State  aid 
and  the  mileage  .allow- 
ances to  all  other  units  of 
government. 

In  considering  highway 
taxation  and  expenditures, 
it  was  necessary  to  fix 
and  select  certain  definite 
charges  uniformly  in  all 
governmental  units  in  or- 
der to  make  a  true  compar- 
ison, and  throughout  the 
report  highway  items  in- 
clude all  charges  for  con- 
struction, maintenance, 
marking  and  signing,  and 
the  administrative  costs  of 
the  various  bodies  in  au- 
thority properly  allotable 
to  roads.  On  this  basis,  the 
total  highway  taxes  were  as 
shown  in  table  7. 

These  taxes  were  levied 
on  the  various  units  in  the 
amounts  shown  in  table  8. 

BONDED  INDEBTEDNESS 

The  State  has  a  constitu- 
tional prohibition  against 
bonding  and  has  no  bonded 
indebtedness  for  any  pur- 
pose except  $1,363,700  of  Civil  War  bonds  still  unpaid. 
All  other  units  of  government  may  bond. 

The  total  of  all  publicly  issued  bonds  outstanding 
on  December  31,  1930,  as  nearly  as  could  be  determined 
at  the  time,  was  $154,378,400.  The  total  debt  service 
on  these  bonds  in  1930  was  $48,041,300.  Table  9  gives 
the  distribution  of  this  indebtedness  according  to  the 
governmental  purposes  for  which  the  bonds  were 
issued.  The  table  also  lists  the  indebtedness  of  each 
class  of  government  unit . 

The  total  bonds  outstanding  on  December  31,  1930, 
were  2.6  percent  of  the  total  assessed  valuation  of  the 
State  and  the  per  capita  indebtedness  was  $52.53. 
The  per  capita  cost  of  all  debt  service  in  1930  was 
$14.64. 

The  bonds  outstanding  issued  for  highway  purposes 
amounted,  at  the  close  of  1930,  to  $59,879^200.  The 
county  highway  bonds  outstanding  totaled  $  13,01  7,500. 
The  remaining  $16,861,700  of  highway  bonds  were 
issued  by  cities  and  villages  for  street  construction  and 
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Table  9. 


-Bonded  indebtedness  as  of  Dec.  31,  1930,  classified  by 
purpose  of  issue  and  by  unit  of  government 


BY  PURPOSE 


Amount 

Percent- 
age of 
total 

Debt  serv- 
ice in  1930 
(principal 
and  inter- 
est) 

$59, 879, 200 
29, 208, 600 
47,961,100 
17,329,500 

38.8 
18.9 
31.1 
11.2 

$12, 486,  500 

12,  300,  100 

10,  582,  500 

7,  672,  200 

Total        

154,378,400 

100.0 

43,041,300 

BY  UNIT  OF  GOVERNMENT 


Towns 

Places  up  to  2,500 

Places  2,500  to  15,000.. 
Places  15,000  to  75,000. 

Milwaukee .  

Counties 

State 


Total. 


$1,735,300 
6, 984, 000 
12,421,000 
37,  090,  800 

45,  (13(1,  SI  III 

49,  752, 800 

1,363,700 


154,  378,  400 


1.1 

4.5 
8.1 
24.0 
29.2 
32.2 


100.0 


improvement,  and,  in  a  few  instances,  by  towns.  The 
distribution,  as  nearly  as  could  be  determined,  was  as 
follows : 

Villages  and  towns $1,  161,  400 

Cities  other  than  Milwaukee 9,  568,  800 

Milwaukee 6,  131,  500 

The  debt  service  in  1930  for  all  outstanding  bonds  was 
$43,041,300  of  which  $12,486,500  was  for  highway 
bonds.  The  debt  service  for  the  countv  highway  bonds 
was  $5,027,500,  the  principal  payments  being  $3,028,100 
and  the  interest  $1,999,400.  There  is  no  information 
on  the  division  between  principal  payments  and  interest 
for  the  debt  service  on  other  than  county  highway 
bonds.  However,  the  debt  service  on  the  remaining 
$16,861,700  of  highway  bonds  was  $7,459,000;  and  we 
may  obtain  an  approximate  figure  by  assuming  thai 
the  average  rate  of  interest  was  the  same  as  that  of  the 
countv  bonds  (4.65  percent).  On  this  basis  we  obtain 
a  figure  of  $784,100  for  interest  and  $6,674,900  for  prin- 
cipal payments.  We  may  therefore  conclude  that  the 
debt  service  on  all  street  and  highway  bonds  in  1930 
consisted  approximately  of  $9,703,000  in  principal 
payments  and  $2,783,500  in  interest.  If  we  apply  the 
same  rate  to  the  total  State  indebtedness  we  obtain  the 
following  approximate  figures  for  total  debt  service: 
Principal  payments,  $35,862,700;  interest,  $7,178,000. 

During  1930  $3,028,100  of  highway  bonds  were  re- 
tired and  $4,816,500  in  new  bonds  were  issued  by  the 
various  counties;  so  that  the  indebtedness  of  the  coun- 


ties in  highway  bonds  was  increased  by  $1,788,400  dur- 
ing that  year.  The  extent  to  which  other  indebtedness 
was  increased  is  not  recorded  in  the  report. 

EXPENDITURES  ANALYZED 

The  total  expenditures  by  all  units  of  government,  for 
all  purposes  except  the  payment  of  principal  on  bonds, 
were  $202,377,000.  Interest  payments  of  approxi- 
mately $7,200,000  are  included  in  this  total.  Addition 
of  the  principal  payments  of  approximately  $35,860,000 
would  bring  the  "total  expenditures  to  $238,237,000. 
The  principal  payments  are  not  to  be  regarded  as  true 
expenditures,  since  they  represent  the  repayment  of 
funds  which  were  recorded  as  expenditures  in  previous 
years. 

Table  10  gives  the  expenditures  by  the  State,  the 
counties,  and  the  various  classes  of  municipal  units,  for 
each  of  the  several  purposes  of  government.  Of  all  ex- 
penditures, 30.3  percent  were  made  for  highways,  32.6 
percent  for  education,  30.9  percent  for  public  benefit, 
and  6.2  percent  for  other  governmental  purposes. 

The  distribution  of  total  expenditures  according  to 
the  classes  of  governmental  unit  in  which  they  were 
made  was  as  follows: 


Expended  in- 


Towns 

Places  up  to  2,500 

Places  2,500  to  15,000.. 
Places  15,000  to  75,000 
Milwaukee 

Total 


Amount 


$79,  199,  900 
14,  985,  700 
20,  783,  700 
43,141,300 
44,  260,  400 


202,  377,  noil 


Percent 


39.1 
7.4 
10.3 
21.3 
21.9 


100.0 


It  is  apparent  from  this  tabulation  that  39.1  percent 
of  the  expenditures  were  made  in  the  rural  areas,  and 
60.9  percent  in  the  urban  areas.  Table  11  gives  the 
per  capita  expenditures  made  for  the  several  purposes 
of  government  in  the  several  classes  of  local  unit  of 
government. 

TABLES  SHOW  RELATIONS  BETWEEN  VALUATION,  TAXATION,  AND 
EXPENDITURES 

The  valuation,  taxation,  and  expenditure  per  capita 
in  1930  were  as  shown  in  table  12.  The  ratio  of  per 
capita  expenditures  to  per  capita  taxation  is  also  given. 
This  ratio  is  significant  as  an  index  of  the  flow  of  State 
(including  Federal)  and  county  aids  to  the  less  popu- 
lous areas.  For  instance,  about  21.5  percent  of  the 
taxes  paid  by  citizens  of  Milwaukee  were  not  expended 
in  Milwaukee,  while  about  27.5  percent  of  the  expendi- 
ture in  the  towns  was  not  provided  by  taxes  paid  by 
inhabitants  of  these  rural  areas. 


Table  10. — Distribution  of  total  expenditures  in  1930,  showing  the  amounts  expended  by  the  State,  the  counties,  and  the  several  classes  of 
governmental  unit,  on  highways,  education,  public  benefit,  and  other  governmental  purposes 


Highways 

Education 

Public  benefit 

Government 

All  purposes 

Unit  of  government  making  expenditure 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Per- 
cent- 
age of 
total 

Towns 

$10,387,300 

1,824,000 
2,089,700 

4,  680.  000 
4,311,900 
20.310,800 
17.076,700 

34.  7 

19.5 
13.7 
13.8 
12.3 
47.2 
49.3 

$16,809,000 
4, 615,  200 
0.909,300 
10.381,900 
12,401,600 
1.209,000 
7,  541,  600 

56.2 
49.4 
45.9 
48.2 
35.5 
2.8 
21.0 

$945, 300 
1,980,200 
4, 969,  300 
11,074,200 
17,017,700 
17,  025,  700 
9,  045,  000 

3.2 
21.2 
32.7 
32.0 
48.6 
41.0 
25.2 

$1,776,800 
931,200 
1,172.000 
1,  823,  100 
1.209,900 
3,915,200 
1,622,800 

5.9 
9.9 

7.7 
5.4 
3.6 
9.0 
4.5 

$29,918,400 
9, 350, 600 
15,200,400 
33, 959, 300 
35,001,000 
43,  060,  600 
35, 886,  700 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

14.8 

Places  up  to  2,500 

4.6 

Places  2,500  to  15,000  

7.5 

Places  15,000  to  7."., 000 

16.8 

Milwaukee ... 

17.3 

Counties 

21.3 

State 

17.  7 

Total 

01,280,400 

30.3 

65, 927, 500 

32.6 

62,  658, 100 

30.9 

12,511,000 

6.2 

202,  377,  000 

100.0    100.0 
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Table  11. — Per  capita  expenditures  by  purpose  and  by  classes 
of  local  unit  in  which  they  were  made,  based  on.  a  population  of 
2,989,006 


Unit  of  government 

High- 
ways 

Educa- 

tiou 

Public 

benefit 

Govern- 
ment 

Total 

$41.70 

$18.  03 

$9.47 
15,  16 
22.  99 
27.42 
39.51 

$3.  43 
5.01 

$72.  03 

Places  up  to  2,500  

12.02           18.61 

50.80 

Places  2,500  to  15.000 

7.71 
s   IS 
,    16 

21.  14 
29.79 
25.21 

5.  19  1           57.  02 

Places  15,000  to  75,000... 

4.  92             70.  58 

4.37 

State  

20  v- 

22.43 

21.32 

4.25 

68.85 

Table   12. —  Valuation,  taxation  and  expenditures  per   capita  in 
1930,  based  on  a  population  of  2,939,006 


Item 


State        Towns 


Valuation $2, 006.  00 

Taxation 72.02 

Expenditures 68.85 

Ratio  of  per  capita 

expenditure  to  per  | 

capita  taxation '        0.956 


$2,001.00 
56.  99 
72.  63 


1.275 


Places 
up  to 

2,500 


$1,465.00 
60.17 
50.80 


0  844 


Places 

2,500  to 

15,000 


$1,625.00 
68.32 
57.02 


0.  835 


Places 

15.0110  to 
75,000 


$2,115.00 
82.  65 

70.58 


Milwau- 
kee 


$2,417.00 
97.  52 
76,  55 


0.  785 


Table  13. — Distribution  of  population,  motor-vehicle  ownership, 
property  valuation,  taxes  paid,  and  expenditures  made  in  the 
several  groups  of  local  units  of  government  in  19 


Unit  of  government 

Popula- 
tion 

Motor- 
vehicle 
owner- 
ship 

Valua- 
tion 

Taxes 

paid 

Expendi- 
made 

Percent 
37.  1 
10.0 

1 2.  1 
20.8 

19.7 

Percent 
n.i 
10.6 
10.3 
20.  2 
17.5 

/',  rci  hi 

37.0 
7.3 
10.  l 
21  9 
23.  7 

Percent 

29.  3 
8.4 
11.8 

23.  9 
26.6 

Percent 

39   1 

Places  up  to  2,500 

7  4 

Places  2,500  to  15,000 

10  3 

Places  15,000  to  75,000 

21  3 

21   9 

State 

100.0 

100.0 

100.0 

100.0 

100.0 

Table  13  gives  the  per- 
centage distribution  of  pop- 
ulation, motor-vehicle  own- 
ership, property  valuation, 
taxes  paid,  and  expendi- 
tures made  in  the  several 
groups  of  local  governmen- 
tal unit.  While  the  trends 
in  all  these  items  are  simi- 
lar, there  are  significant  dif- 
ferences. Thus  the  towns, 
with  37.1  percent  of  the 
population,  paid  only  29.3 
percent  of  the  taxes,  while 
Milwaukee,  with  less  than 
20  percent  of  the  popula- 
tion, paid  nearly  27  percent 
of  the  taxes.  Three  factors, 
a  higher  per  capita  valua- 
tion, more  intensive  use  of 
motor  vehicles,  and  higher 
public  benefit  costs  due  to 
the  density  of  population  serve  to  account  for  these 
differences. 

It  is  noticeable  that  expenditures  in  the  various 
classes  of  local  unit  are  rather  closely  proportional  to 
their  valuations.  The  greatest  differences  are  in  the 
towns  where  the  percentage  of  expenditure  exceeds 
that  of  valuation  by  about  2  percent ,  and  in  Milwaukee, 
where  the  reverse  is  true. 

The  figures  for  motor-vehicle  ownership  show  I  hat 
the  number  of  persons  owning  cars,  per  100  of  popula- 
tion, is  greater  in  the  rural  areas  than  in  (he  cities, 
particularly  Milwaukee. 

HIGHWAY  EXPENDITURES  DISCUSSED  IN  DETAIL 

The  total  expenditures  for  highways  and  streets  in 
Wisconsin  in  1930  were  $61,280,400."  This  amount  is 
lower  than  figures  sometimes  quoted  because  special 
efforts  have  been  made  to  eliminate  all  agency  trans- 
actions and  duplicate  expenditures.  The  total  shown 
does  not  include  principal  payments  on  highway  bonds 
(approximately  $9,700,000),  because  in  previous  years 
these  have  already  been  shown  as  highway  expendi- 


WISCONSIN  EXPENDITURES  IN  1930 

The  total  expenditures  (exclusive  of  principal 
payments  on  bonds  and  loans)  by  all  units  of 
government  in  Wisconsin  in  1930  were  $202,377,- 
000,  of  which  $61,280,400  were  expended  for 
highways  and  streets,  $65,927,500  for  educa- 
tion, $62,658,100  for  public  benefit,  and 
$12,511,000  for  other  governmental  purposes. 

Expenditures  by  the  State  were  $35,886,700; 
by  the  counties  $43,060,600;  by  Milwaukee, 
$35,001,000;  by  other  incorporated  places 
$58,510,300;  by  the  towns,  $29,918,400. 

Thirty-nine  percent  of  the  expenditures  were 
made  in  rural  areas  (towns) ;  7  percent  in  incor- 
porated places  having  a  population  of  2,500  or 
less;  10  percent  in  places  of  2,500  to  15,000  popu- 
lation; 21  percent  in  places  of  15,000  to  75,000 
population;  and  22  percent  in  Milwaukee. 


tures,  and  to  show  them  again  would  double  this  item 
of  apparent  expenditures  over  a  period  of  years. 

The  total  also  does  not  include  purchase  of  new 
equipment,  gravel  pits,  etc.,  by  the  counties.  All  of 
these  items  are  paid  for  by  the  counties,  but  are  later 
charged  back  to  each  individual  piece  of  work  as  a 
part  of  the  construction  and  maintenance  cost,  so  that, 
at  the  end  of  a  series  of  years  this  expenditure  appears 
in  the  construction  and  maintenance  expenditures  of 

the  county.  In  short,  each 
county  sets  up  a  revolving 
fund  for  machinery,  etc., 
and  charges  back  to  work  a 
sufficient  fund  to  recover 
its  cost  within  its  life 

The  total  highway  ex- 
penditures do  include  in- 
terest on  all  bonds  and 
indebtedness  (approxi- 
mately $2,800,000),  and  till 
supervision  costs  and  gen- 
eral overheads. 

There  was  considerable 
transfer  of  funds  as  a  result 
of  grants  of  aid.  In  1930, 
the  towns  and  villages  re- 
ceived from  the  State  $25 
per  mile,  and  the  cities 
from  $50  to  $200  per  mile, 
according  to  their  popula- 
tion,the  largest  amount  per 
mile  being  paid  to  Milwau- 
kee city.  This  aid  totaled  $1,954,000  to  all  units  of 
government. 

The  sources  of  the  funds  from  which  the  expenditures 
were  made  were  as  follows: 


Amount 

Percent 

Federal  aid 

$3,019,7(10 
21, 691,  mm 
20,  02.-,,  800 
7,  048,  100 
9,  162.  200 

5.0 

Taxation  of  property 

Imposts  on  motor  vehicles 

32.  7 

Miscellaneous  sources 

11.5 

Proceeds  of  bond  issues  and  loans 

15   1 

Total 

61,280,400 

100.0 

Table  14  gives  the  total  expenditures  on  each  of  the 
highway  systems  of  the  Slate  and  the  village  and  city 
roads  and  streets;  and  t  he  expenditures  for  con- 1  ruction 
and  maintenance  made  under  State  and  county  super- 
vision on  each  of  these  classes  of  road.  The  construc- 
tion and  maintenance  figures  do  not  include  interest 
paid  on  bonds  or  the  general  overhead  cost  not  charged 
to  the  work  at  the  time  it  was  done.  These  costs  are 
included  in  the  balance  shown  in  the  last  column  of 
t  he  table. 
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Table  14. — Expenditures  on  the  several  highway  systems  and  the  local  streets  in  1930,  including  construction  and  maintenance  expendi- 
tures under  Stale  and  county  supervision 


Highway  system 


Federal  aid: 
Primary,. 
Secondary- 
State  trunk 


Total,  State  system . 

County  trunk - 

Town  local 

Village  local 

City  local.-. 


All  highways- 


Mileage 
in  sys- 
tem 


2,  345 
3,246 
4,627 


10,218 

13,  827 

58,  934 

1,567 

4,993 


VI,  539 


Total 
expended 


$17,121,500 

7,  797,  200 


24,  918,  700 
9,  449,  100 

13.  910,  900 
1,590,000 

11,411,700 


61,280,400 


Percent- 
age  of 

total  ex- 
pendi- 
tures 


28.0 
12.7 


40.7 
15.4 
22.7 
2.6 
18.6 


100.0 


Expenditure  under  State 
and  county  supervision 


Construction 


$7,  021,  900 
5,  422,  700 

I,  !HS.  (1(11, 


17,392,600 
3,  662,  300 
2,  807,  000 

91,200 


23.953,  100 


Maintenance 


Balance  not 
accounted  for 
in  two  pre- 
ceding col- 
umns ' 


1, 632^300  7      *1,  ,99'900 
2,113,900  |  735,300 


4,  990,  900 

4,  662,  300 

tec, 600 

3,100 


10,  122,  900 


2,  535,  200 

1,  124,  500 

2  10,  637,  300 

2  12,907,400 


27,  204,  400 


1  Interest  and  genera]  overhead  charges  are  included  in  this  column. 

Of  all  expenditures  on  highways  and  streets  in  Wis- 
consin in  1930,  there  were  expended  on  the  State  trunk 
highway  system  $24,918,700,  or  40.7  percent;  on  the 
county  trunk  highway  system,  $9,449,100,  or  15.4 
percent;  on  the  town  local  rural  highways,  $13,910,900, 
or  22.7  percent;  on  local  village  streets,  $1,590,000,  or 
2.6  percent;  on  local  city  streets,  $11,411,700,  or  18.6 
percent.  Expenditures  on  all  rural  highways  were 
$48,278,700,  or  78.8  percent;  and  on  urban  and  village, 
streets,  $13,001,700  (21.2  percent,  or  $1,982  per  mile). 
These  expenditures  include  interest  paid  on  bonds  and 
the  cost  of  supervision  and  overhead. 

CONSTRUCTION     ABSORBS     BULK     OF     EXPENDITURES    ON     STATK 

WORK 

The  figures  on  construction  and  maintenance  given 
in  table  14  cover  the  cost  of  all  construction  and  main- 
tenance on  the  Federal  aid,  State  trunk,  and  county 
trunk  highway  systems  in  1930.  On  the  local  roads  and 
streets  the  great  hulk  of  the  expenditures  was  made  by 
the  local  authorities,  and  the  work  was  done  under  their 
supervision.  Local  expenditures  administered  by  the 
local  units  were  divided  as  follows: 

Towns: 

Construction $2,  899,  600 

Maintenance 7,  068,  400 

Interest,  overhead,  etc 419,  300 


Total 10,387,  300 

Cities  and  villager: 

Construction 5,  964,  700 

Maintenance 4,  351,  000 

Interest,  overhead,  etc 2,  589,  900 


Total 12,  905,  600 

No  street  or  highway  work  was  done  in  the  city  of 
Milwaukee  under  State  or  county  supervision.  Expend- 
itures on  roads  and  streets  in  that  city  were  $4,311,900. 

Of  all  expenditures  for  construction  and  maintenance 
on  the  Federal-aid  and  State  trunk  systems,  78  percent 
was  spent  for  construction  and  22  percent  for  mainte- 
nance. For  all  work  under  State  and  county  super- 
vision the  amount  expended  for  construction  was  70 
percent,  and  that  for  maintenance  30  percent.  The 
county  system  was  the  only  one  on  which  the  expendi- 
tures for  maintenance  exceeded  those  for  construction. 
However,  the  expenditure  on  the  town  roads  was 
predominantly  for  maintenance,  as  is  shown  in  the 
tabulation  of  expenditures  by  local  authorities,  given 
a  hove. 


2  Includes  also  expenditures  made  under  local  supervision. 
LOCATION  OF  EXPENDITURES  SHOWN 

The  following  tabulation  shows  the  distribution  of 
highway  expenditures  according  to  the  classes  of  local 
unit  in  which  the  expenditures  were  made: 


In  towns 

In  places  up  to  2,500 

In  places  2,500  to  15,000-. 
In  places  15,000  to  75,000. 
In  Milwaukee 


Total. 


Amount 


$45,  452,  900 
3.  545,  400 
2,  805,  200 
5,165,000 
4,311,900 

61,  280,  400 


Percent 


74.2 
5.8 
4.6 
8.4 
7.0 


100.0 


As  would  be  expected,  the  major  part  of  the  expendi- 
tures (74.2  percent)  were  made  in  the  towns,  i.e.,  on 
rural  roads. 

The  figures  given  above,  when  compared  with  those 
given  in  table  8,  show  the  following  ratios  between  the 
expenditures  made  on  highways  and  streets  within  the 
various  classes  of  local  unit  and  the  taxes  paid  in 
those  units: 

Ratio  of  highway 
expenditures  to 
highway  tans 

Towns 1.  97 

Places  up  to  2,500 .  74 

Places  2,500  to  15,000 .50 

Places  15,000  to  75,000...                                         .48 

Milwaukee .  48 

All  cities  and  villages .  53 

There  were  18  counties  out  of  the  71  in  which  the 
total  highway  taxes  collected  were  greater  than  the 
total  highway  expenditures  made  in  them.  In  these 
counties,  the  excess  of  highway  taxes  over  highway 
expenditures  was  $5,145,600,  of  which  Milwaukee 
County  contributed  $2,884,300,  or  56.1  percent. 
Nearly  25  percent  of  the  aggregate  highway  taxes 
collected  in  these  counties  was  expended  in  other 
counties.  Milwaukee  County  contributed  26.5  percent 
of  its  highway  taxes  to  work  in  other  counties. 

TABLE  SHOWS  ULTIMATE  SOURCES  OF  HIGHWAY  FUNDS  DERIVED 
FROM  TAXES  AND  IMPORTS 

Of  the  total  expenditures  for  highways  the  sum  of 
$48,768,500  was  obtained  from  taxes  and  imposts  paid 
to  the  State,  county,  and  local  governments.  Funds 
from  other  sources  consisted  of  $3,049,700  in  the  form 
of  Federal  aid  and  $9,462,200  from  bonds  and  loans. 
The  proceeds  from  bonds  and  loans  were  expended  on 
the  roads  and  streets  of  the  State  in  the  following 
amounts : 
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Table  15. — Approximate  amounts  of  tin   1930  luxes  ami  imposts  expended  on  the  current  highway  program,  listed  according  to  kigl 

system,  type  of  tax,  and  class  of  local  unit  in  which  the  tax  was  paid 

IMPOSTS  ON  GENERAL  PROPERTY 


Highway  sj  >ti  m 

raid  by  taxpayers  in 

state  trunk 

County  trunk 

Town  i 

( 'it  v  and  village  local 

All  highw 

Amount 

Percent 

Amount 

Percent 

Amount 

Percent 

\  mount 

Percent 

Amount         Percenl 

i 
total 

$1,616,400 
317,800 
910,200 
87,100 

11.7 
.'ii  9 
19.0 
5.5 

$3,  114,900 

612,  too 

1,754,000 

167,  XI HI 

22  6 

II)  3 
36.  7 

III  6 

$9,070.7011 
224,400 

61.'.  sun 
61,500 

65. 7 
14.8 
13.4 
3.9 

.  165,000 
1.  178,200 
1,271,  100 

24.0 

30  '.i 

SO.  1 

1,519,600          ion  0 
1,785,  -'Oil            100  n 
1,587,800           MID.  0 

63.  6 

Places  up  to  2,500    . 

7.0 

Places  2,500  to  75,000 

22.  1 

7.3 

Total 

2,931,500 

13.5 

5,649,  100 

26.0 

9, 999.  400 

46.  1 

3.114.600 

1 1   i 

21,694,600           100  0 

100  n 

IMPOSTS  ON    MOTOR   VEHICLES 


$5,012,400 
1,519,400 
4, 994,  600 
3,  268,  100 

73.8 
73.8 
73.8 
73.8 

$1.1)511,3011 

318,  100 

1,  04(1,  500 

684,800 

1 ."..  '. 
15  5 
15  5 
15.5 

$494.  700 
150.000 
493,  000 

'322,500 

7.3 
7.3 
7.3 
7.3 

$227,  40(1 
68,900 
226,  600 
1  18,200 

3.1 
3   1 
3.4 
3.  1 

$6,  784,  800 
2,056,  70(1 
6,760,  Tim 
1,  123,600 

too.  n 

100.0 
1(H).  0 
L00  0 

Places  up  to  2,500.  . 

1(1.  3 

Places  2.500  to  75,000 

33.  7 

22.  1 

Total 

14,  794,  500 

73.8 

3,  100,000 

15.5 

1,460,200 

7.3 

671,  100 

3.  1 

20,025,800 

100  ii 

10(1  I) 

MISCELLANEOUS  IMPOSTS  AND  TAXES 


$2,311,300 

100.  0 

$'-',311,3011 

677,300 

2,818,600 

1,240,900 

100.0 
100.0 



100.0 

12  S 

$677,300 
2,818,600 
1,240,900 

100. 1) 
100.0 
100.0 

9.6 

10.0 

17.6 

Total 

2,311,300 

32.8 

i.  ;:;<,  800 

67.  2 

7,048,  100 

100  0 

100.0 

ALL  IMPOSTS  AND  TAXES 


Towns 

$6,628,800 
1,837,200 
5,904,800 

3,  355,  200 

28.9 
43.2 
41.  1 
46.3 

$4,  165,  200 
930,800 

.'.SIX),  500 

852,600 

18.2 
21.9 

in   ', 
II. 7 

$11,876,700 

374,  100 

1,135,800 

3X4,  000 

51.9 

X.  X 

7.9 
5  3 

$227.  till) 
1,  111,200 
1,523,  Hi" 

-Mil HI,  500 

1.0 

26   I 
3 1   5 
36.  7 

$22,898,  urn 
4,253,600 
14,364,500 

7,  252.  300 

I ) 

inn  ii 
100.0 
100.0 

46. 9 

Places  up  to  2,500  ~ 

x.  7 

Places  2,500  to  75,000 .   

1 1.  9 

Total  from  taxes  and  impost 

17,  726,000 
3,  049,  700 

36.4 

8,  749, 100 

17.9 

13,  770,  900 

28.2 

X.  522,  500 

17.5 

48,  768,  500 
3,049,700 

100    0 

100.0 

Total -. 

20,  775,  700 

40.1 

8,749,  100 

16.9 

13,  770,  900 

26.6 

8,  522.  500 

16.  1 

51,818,200 

100.0 

Federal-aid  system $2,  500,  000 

State  trunk  system .__  1,643,000 

County  trunk  system 700,  000 

Town  roads 140,  000 

Village  streets 411,  000 

City  streets 4,  068,  200 


Total 9,  462,  200 

Table  15  gives  the  results  of  an  analysis  the  purpose  of 
which  was  to  determine  the  amounts  contributed  by 
taxpayers  in  the  various  classes  of  local  unit  to  the 
funds  expended  on  the  several  highway  systems  and  the 
village  and  city  streets.  The  Federal-aid  money, 
coming  directly  from  the  United  States  Government, 
is  naturally  not  subject  to  analysis  on  this  basis.  It 
is  possible  to  forecast  the  manner  in  which  borrowed 
money  will  be  repaid,  and  thus  allocate  the  proceeds  of 
bond  sales  to  the  various  local  units,  but  such  repayments 
have  nothing  to  do  with  taxes  paid  in  1930.  For  that 
reason  it  was  thought  best  to  restrict  the  analysis  to 
the  $48,768,500  which  was  actually  derived  from  taxes 
and  imposts. 

The  motor-vehicle  imposts  were  allocated  to  the 
various  local  units  according  to  the  percentages  given 
in  table  5,  which  are  based  on  the  results  of  the  ques- 
tionnaire survey  and  the  analysis  of  registration 
statistics.  The  allocation  of  the  general  property  taxes 
and  miscellaneous  imposts  was  accomplished  by  deter- 
mining as  closely  as  possible,  from  the  data  obtained 
in  the  survey,  the  ultimate  sources  of  all  taxes  and 
imposts  raised  by  the  county  and  local  governments 


and  spent  on  the  several  road  systems  and  the  village 
and  city  streets.  The  results  of  the  analysis  are  nec- 
essarily approximate,  but  are  believed  to  represent 
fairly  accurately  the  true  situation  in  1930. 

Many  significant  relationships  can  be  derived  from 
a  study  of  table  15,  particularly  when  it  is  analyzed  in 
connection  with  the  data  regarding  travel  on  the  various 
highway  systems,  which  is  presented  and  discussed  in 
the  following  paragraphs. 

AVERAGE   MILEAGE   TRAVELED   AND   GASOLINE   CONSUMPTION 

The  average  mileage  traveled  and  the  average 
gasoline  consumption  in  Wisconsin  by  Wisconsin  motor 
vehicles  in  1930  are  given  in  table  L6.  The  ownership 
of  these  motor  vehicles  is  classified  according  to  the 
place  of  residence  of  the  owners.  The  mileage  traveled 
for  each  of  these  classes  is  divided  as  between  roads 
and  streets  located  in  towns  (rural  sections  i,  in  vil- 
lages, and  in  incorporated  cities.  The  data  are  also 
classified  by  type  of  vehicle.  These  facts  were  deter- 
mined by  means  of  the  personal  reports  or  sched- 
ules obtained  from  5,116  motor-vehicle  owners,  as 
described  on  page  22. 

About  two  thirds  of  all  motor-vehicle  traffic  takes 
place  in  the  rural  districts,  and  about  one  third  in  the 
urban  districts,  including  villages.  According  to  table 
16,  64.1  percent  of  the  average  miles  traveled  occurred 
in  the  towns,  5.2  percent  in  the  villages,  and  30.7  per- 
cent in  the  cities.  The  automobiles  and  trucks  owned 
in  towns  traveled,  on  the  average,  5,751  miles  in  1930; 
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Table    Hi.      An  rage  mileage,  traveled  and  average  gasoline  con- 
sumption in   Wisconsin  by  Wisconsin  motor  vehicles  in  1930 


ReDorts 

Average  annual 

Average  annual  travel 

Place  ot  ownership  and 
kind  of  motor  vehicle       uint"ed 

gasoline  con- 
sumption 

Totals 

In 
towns 

In 

villages 

In 
cities 

Towns: 

Automobiles 

Motor  trucks.. 

Both     automobiles 

and  motor  trucks. . 

Percentage 

1,903 
269 

2,  172 
42.5 

474 

yo 

564 
11.0 

1,382 
216 

1.  598 
31.2 

689 
93 

7S2 
15.3 

4,448 
668 

5,  116 
100.0 

Gallons 
376 
635 

409 

Miles 
per 

gallon 
14.8 
10.9 

14.1 

Miles 

5,583 
6.924 

5.  751 
100.0 

7,467 
10,147 

7,  895 
100.0 

8,671 
11, 103 

8,  999 
100.  0 

9,370 
9,027 

9,330 
100.  0 

7,  32,9 

9,  002 

7,  549 
100.0 

Miles 

4,  787 
5,836 

4,917 
85.5 

5,871 
7,633 

6,  152 

77.9 

4,942 
5,595 

5,030 
55.9 

3,  526 
1,553 

3.  292 
35.3 

4,755 

5,  404 

4,841 
04.1 

Miles 

298 
325 

302 

5.2 

905 
1,714 

1.034 
13.1 

358 
501 

377 
4.2 

218 

11.5 

210 
2.2 

369 

544 

392 
5.2 

Miles 
198 
763 

532 
9.3 

Villages: 

536 
938 

600 

13.9 
10.8 

13.2 

691 

Motor  trucks 

Both     automobiles 

and  motor  trucks.. 

Percentage. 

son 

709 
9.0 

Cities  other  than  Mil- 
waukee: 

Automobiles - 

Motor  trucks 

Both     automobiles 
and  motor  trucks,. 
Percentage 

615 
1,060 

675 

14.1 
10.  5 

13.3 

3.371 
5,008 

3.  592 
39.  9 

Milwaukee: 

Automobiles 

Motor  trucks 

Both     automobiles 
and  motor  trucks.. 
Percentage  ... 

716 
867 

734 

13.1 

1H.4 

12.  7 

5,  620 
7.  329 

5,  828 

02.  5 

Total  for  State: 

Automobiles 

Motor  trucks  . 
Both      automobiles 
and  motor  trucks .. 
Percentage . 

520 
851 

503 

14.  1 
10.6 

13.4 

2,205 

3,054 

2.310 
30.7 

85.5  percent  of  this  mileage  was  on  rural  roads,  5.2  per- 
cent on  village  streets,  and  9.3  percent  on  city  streets. 
The  village-owned  automobiles  and  trucks  traveled 
7,895  miles  in  1930,  on  the  average;  77.9  percent  of  this 
mileage  was  on  rural  roads,  13.1  percent  on  village 
streets,  and  9  percent  on  city  streets. 

The  city-owned  motor  vehicles  are  divided  between 
the  vehicles  owned  in  Milwaukee,  and  those  owned  in 
the  other  cities  of  the  State.  The  average  1930  mileage 
of  all  the  motor  vehicles  owned  in  the  cities,  not  in- 
cluding Milwaukee,  amounted  to  8,999  miles;  55.9 
percent  of  this  mileage  was  on  the  rural  roads,  4.2  per- 
cent on  village  streets,  and  39.9  percent  on  city  streets. 
The  average  mileage  of  motor  vehicles  owned  in  Mil- 
waukee somewhat  exceeds  that  of  vehicles  owned  in 
the  other  cities.  The  motor  vehicles  owned  in  Mil- 
waukee averaged  9,330  miles  of  travel;  35.3  percent 
of  this  was  on  rural  roads,  2.2  percent  on  village  streets, 
and  62.5  percent  on  city  streets.  It  may  be  inferred 
that  a  very  large  part  of  this  travel  on  city  streets  oc- 
curred in  Milwaukee  itself.  The  Milwaukee  average 
of  9,330  miles  per  year  is  62  percent  in  excess  of  the 
average  for  town-owned  vehicles,  5,751  miles.  In 
general,  automobiles  owned  in  incorporated  cities  and 
villages  produced  larger  average  mileages  than  those 
owned  in  rural  areas. 

The  motor-truck  mileage  for  the  State  as  a  whole 
averages  9,002  miles,  which  is  23  percent  above  the 
average  number  of  miles  traveled  by  automobiles. 
In  each  of  these  ownership  classifications,  the  motor 
truck  is  used  on  the  average  to  a  greater  degree  than  the 
automobile,  except  in  Milwaukee.  In  Milwaukee,  the 
average  miles  traveled  by  automobiles  are  9,370,  and 
the  average  truck  mileage  is  9,027. 

The  average  gasoline  consumption,  according  to  this 
investigation,  amounted  to  563  gallons  per  motor 
vehicle;  for  automobiles,  the  average  was  520;  and  for 
motor  trucks  it  was  851.  The  average  consumption  of 
gasoline  for  motor  trucks  exceeded  that  of  automobiles 
by  64  percent;  the  average  mileage  of  motor  trucks 


exceeded  that  of  automobiles  by  only  23  percent. 
This  difference  is  accounted  for  by  the  fact  that  the 
automobiles  averaged  14.1  miles  per  gallon  of  gasoline, 
and  the  motor  trucks  averaged  only  10.6  miles. 

The  average  yearly  consumption  of  563  gallons  of 
gasoline  by  motor  vehicles  operating  12  months  in  1930 
is  the  weighted  average  used  by  those  owned  in  towns, 
409  gallons;  in  villages,  600  gallons;  in  cities  other  than 
Milwaukee,  675  gallons;  and  in  Milwaukee,  734  gallons. 
The  average  mileage  per  gallon  for  all  motor  vehicles 
was  13.4  miles. 

MILEAGE    TRAVELED    ON    THE   SEVERAL   HIGHWAY   SYSTEMS    AND 
THE  LOCAL  STREETS 

The  mileage  traveled  by  the  average  motor  vehicle 
over  the  various  systems  of  highways  and  streets  in 
1930  is  shown  in  table  17.    Ownership  of  cars  is  classi- 

Table   17. — Average  mileage  traveled  on  the  highway  systems  and 
local  streets  of  Wisconsin  by  Wisconsin  motor  vehicles  in  1930 


Average  miles  traveled 

Place  of  ownership  and 

Total 
(1) 

State 
trunk 
high- 
ways 

(2) 

County 
trunk 
high- 
ways 

(3) 

Local  highways  and  streets 

Total 
(4) 

Towns 
(5) 

Villages 
(6) 

Cities 
(7) 

Towns: 

Automobiles... 

Motor  trucks 

Both     automobiles 
and  motor  trucks. . 

5,583 
6,924 

5,751 
100.0 

7,467 
10, 147 

7,895 
100.0 

8,671 
11, 103 

8,  999 
100.0 

9,370 
9,027 

9,330 
100.0 

7,329 
9,002 

7,549 
100.0 

3,379 
3,567 

3,403 
59.2 

4,869 
5,056 

4,898 
62.0 

4,768 
5,122 

4,816 

53.5 

3,467 
1,438 

3,225 
34.6 

3,983 
3,974 

3.982 
52.7 

1,198 
1,714 

1,263 
22.0 

1,210 
2,191 

1,367 
17.3 

856 
1,344 

921 
10.2 

333 
232 

322 
3.4 

959 
1,452 

1,024 
13.6 

1,006 
1,643 

1,085 
18.8 

1,388 
2,900 

1,630 
20.7 

3,047 
4,638 

3,262 
36.3 

5, 570 
7,357 

5,783 
62.0 

2,387 
3,576 

2,543 
33.7 

845 
1,353 

908 
83.7 

600 
1,492 

742 
45.5 

327 
644 

370 
11.4 

105 
41 

98 
1.7 

543 
960 

598 
23.5 

39 
40 

39 
3.6 

448 
1,035 

542 
33.3 

40 
01 

43 
1.3 

30 
66 

34 
0.6 

81 
184 

95 
3.7 

122 
250 

138 
12.7 

Villages: 

Automobiles 

Motor  trucks 

Both     automobiles 
and  motor  trucks.. 

340 
373 

346 
21  2 

Cities  other  than  Mil- 
waukee: 

Automobiles- 

Motor  trucks 

Both     automobiles 
and  motor  trucks.  . 

2,680 
3,933 

2,849 
87.3 

Milwaukee: 

Automobiles. 

Motor  trucks 

Both     automobiles 
and  motor  trucks. . 

5,435 
7,250 

5,651 
97.7 

State: 

Automobiles 

Motor  trucks 

Both     automobiles 
and  motor  trucks. . 

1,763 
2,432 

1,850 
72.8 

1  Percentage  figures  in  columns  2,  3,  and  4  give  the  distribution  of  motor  vehicle 
travel  on  the  State  system,  the  county  system,  and  the  local  roads  and  streets.  Per- 
centage figures  in  columns  5,  6,  and  7  give  the  distribution  of  local  travel  on  town  roads 
and  village  and  city  streets. 

fied  in  the  same  manner  as  in  table  16.  Mileages 
shown  here  agree  closely  with  the  results  of  traffic  sur- 
veys made  in  other  States.  The  State  trunk  highway 
system  carried  52.7  per  cent  of  the  total  motor  vehicle 
traffic.  The  actual  percentage  traveled  on  the  State 
trunk  liighway  system  is  higher  than  this,  as  only 
travel  by  Wisconsin  cars  is  included.  Travel  by  out-of- 
State  cars,  which  apparently  use  the  State  trunk  high- 
way system  almost  exclusively,  Would  raise  this  per- 
centage and  lower  all  other  percentages  appreciably. 
Only  13.6  percent  of  all  travel  occurred  on  the  county 
trunk  highway  system,  while  33.7  percent  of  the  travel 
occurred  on  the  local  highways,  which  include  village 
and  city  streets.  It  is  interesting  to  note  that  72.8  per- 
cent of  the  travel  on  local  highways  occurred  on  the 
local  streets  in  cities,  while  only  23.5  percent  occurred 
on  the  local  roads  in  towns,  and  3.7  percent  on  the  local 
streets  in  villages. 
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It  should  also  be  noted  that  out  of  a  total  of  7,549 
miles  traveled  on  the  average  by  all  motor  vehicles  of 
the  State,  1,850  miles,  or  24.5  percent  of  this  mileage, 
was  carried  by  city  streets. 

The  figures  contained  in  this  table  also  indicate  that 
the  motor  vehicles  owned  in  Milwaukee  averaged  9,330 
miles,  of  which  5,651  miles,  or  60.5  percent,  occurred 
on  city  streets;  3,225  miles,  or  34.6  percent,  occurred 
on  State  trunk  highways;  322  miles,  or  3.4  percent  on 
the  county  trunk  highways;  and  the  remaining  132 
miles,  or  1.4  percent  occurred  on  town  roads  and  village 
streets.  For  motor-vehicles  owned  in  cities  other  than 
Milwaukee,  almost  the  same  conditions  prevail  with 
respect  to  the  use  of  various  highway  systems.  When 
city-owned  vehicles  go  outside  of  their  respective  cities, 
they  appear  to  use  the  State  trunk  highways  much 
more  than  county  and  local  roads. 

TRAFFIC  DISTRIBUTION  GROUPED  BY  COUNTIES 

A  further  distribution  of  travel  and  gasoline  con- 
sumption with  respect  to  the  area  of  the  State  as  a 
whole  was  made  by  grouping  the  71  counties  according 
to  population  per  square  mile.  The  classification  is 
shown   in    table    18.     The    counties   falling    into    each 

Table   18. — Classification    of    groups    of    counties    according    to 

imputation  per  square  mile 


Group 

Number 
of  coun- 
ties 

Population 

per  square 

mile 

Group 

Number 
of  coun- 
ties 

Populalinn 

per  square 

mile 

li.__ 

1 
12 

10 

3,086 
76  to  400 
46  to  75 

i  . 
5. 

6 

19 
14 
15 

31  to  45 

2 

21  to  30 

3  . 

Less  than  20 

1  Milwaukee  County. 

group,  while  not  always  contiguous,  show  a  rather 
marked  segregation,  especially  those  having  less  than 
20  persons  per  square  mile  and  those  having  75  to  400 
persons  per  square  mile. 

Table  19  is  a  representation  of  travel  and  gasoline 
consumption  by  motor-vehicle  owners  residing  in  the 
towns,  villages,  and  cities  of  the  six  county  groups 
described.  It  discloses  the  variations  in  the  average 
mileage  traveled  which  are  due  more  or  less  to  density 
of  population.  The  general  tendency  is  for  the  average 
mileage  and  gasoline  consumed  per  vehicle  to  decrease 
as  the  population  grows  less  dense.  There  are  several 
exceptions,  but  the  principal  deviation  is  found  in  the 
counties  included  in  group  6,  where  the  population  per 
square  mile  is  the  lowest. 

TRAVEL  OF  URBAN   AND  RURAL  VEHICLES  DISCUSSED 

In  table  4  there  was  given  the  distribution  of  regis- 
tered motor  vehicles  according  to  place  of  ownership. 
This  distribution  may  be  summarized  with  respect  to 
urban  and  rural  ownership,  as  follows: 

Number 

Place  of  motor  vehicle  registration  registered 

In  towns 332,  370 

In  incorporated  places  other  than  Milwaukee 325,  070 

In  Milwaukee 136,  955 

Tut al 794,  404 

The  average  mileages  given  in  table  17,  when  multi- 
plied by  the  numbers  of  registered  vehicles  as  listed 
a  hove,  yield  the  figures  on  vehicle-mileage  by  place  of 
ownership  which  are  shown  in  table  20.  Thus  we  find 
that  35.7  percent  of  the  travel  on  the  State  system  in 
1930  was  originated  by  rurally  owned  vehicles,  and  64.3 


Table   19. — Motor  vehicle  travel  in  Wisconsin  in  1980  by  owner- 
ship in  the  6  groups  of  counties  l 


Item 


Travel  by  automobiles: 
Average  mileage: 

All  automobiles 

Town-owned  automobiles 

Village-owned  automobiles 

City      (except      Milwaukee) 

owned  automobiles 

Milwaukee-owned      automo- 
biles   

Average  gallons  of  gasoline  con- 
sumed   

Average  motor  fuel  tax  paid 

Travel  by  motor  trucks: 
Average  mileage: 

All  trucks.  - 

Town-owned  trucks 

Village-owned  trucks 

City      (except     Milwaukee; 

owned  trucks 

Milwaukee-owned  trucks 

Average  gallons  of  gasoline  con- 
sumed  

Average  motor  fuel  tax  paid 

Travel  by  all  motor  vehicles: 
Average  mileage: 

All  vehicles. _ _. 

Town-owned  vehicles 

Village-owned  vehicles 

City      (except      Milwaukee) 

owned  vehicles 

Milwaukee-owned  vehicles 

Average  gallons  of  gasoline  consumed. . 
Average  motor  fuel  tax  paid 


7,  329 

5.583 
7,467 

8,671 

9,370 

520 
$10.  40 


9,  002 
6.924 

10,  147 

11,  103 
9,027 

851 
$17.02 


7.  549 
5,  751 
7,895 

8,999 

9,  330 

563 

$11.26 


Groups  of  counties 


9,531 
8,842 
10,  645 

10,  352 

9,370 

736 

$14.  72 


7,071 
5,429 
7,245 

8,299 


9,345 
10,  704 
9,891 

11,778 
9,027 

890 

$17.80 


'.I.  .",( I'.) 

9.080 
10,  502 

10,  427 

9,330 

753 

$15.00 


485 
$9.  70 


10.  283 
7,778 
13,  384 

11,631 


$19.92 


7,497 
5,738 
8,309 

8,723 


552 
$11.04 


7,140 
5,521 
8,348 

9,168 


4S9 

'.).  78 


8,  423 
6,549 
7,990 

11,333 


749 

$14.98 


7,341 
5,679 
8,  293 

9,521 


530 

$10.  60 


6,318 
5,321 
6,765 

8,563 


5.847 
5,146 
6,589 

8,223 


428   391 
8.56  $7.82 


7,  892 
6,  666 

8,  509 

9,397 


785 
$15.  70 


6,  524 
5,467 

7,  042 

8,701 


475 
$9.  50 


1.884 
11,231 


111.  163 


632 
$12.  64 


6,072 
5,112 
7,252 

8,548 


429 

><v  58 


7,658 
7,053 
9,782 

8,521 


580 
$11.60 


'.1,118(1 

9,191 

8.  8.-,(l 

10,  533 


833 

$16.  66 


,  232 
.  633 


9,186 


$12.  18 


1  This  table  shows  the  variations  in  the  mileage  and  gasoline  consumption  in  the 
several  groups  of  counties,  as  indicated  by  the  survey. 

Table  20. — Relative  contributions  of  rural  and  urban  motor  vehicles 
to  travel  on  the  highway  systems  and  local  streets  of  Wisconsin  in 
1.930 


Place  of  ownership 

All  Wis- 
consin 
vehicles 

Annual  travel  on- 

Towns 

Incorpo- 
rated 
places 
other 
than  Mil- 
waukee 

Milwau- 
kee 

IVn-i'iil- 
age  of 
total 
travel 

State  system: 

Vehicle-miles1 . 

1,131.1 
35.7 

419.8 
51.6 

301.8 
63.5 

58.8 
3.8 

1,590.5 

441.7 

3,  163.  3 
100.0 

100.0 

475.  1 
100.0 

1,  545.  1 
100.0 

Percent _     . 

50.3 

52.  7 

County  system: 

Vehicle-miles '  .  

349.  6 

43.  0 

159.9 
33.7 

707.7 

45.  8 

44   1 
5.4 

13.4 
2.8 

778.6 
50.4 

Percent...  . 

13.6 

Town  roads: 

Vehicle-miles1.   .  __  

Percent 

7.9 

Village  and  city  streets: 
Vehicle-miles  ' 

Percent 

25.8 

All  roads  and  streets: 

1,911.5 
31.9 

2, 807. 7 
46.8 

1,277.8 
21.3 

5, 997. 0 
100.0 

Percent.-  

100. 0 

1  In  millions. 

percent  by  urban  vehicles.  On  the  county  system  the 
division  was  approximately  equal — 51.6  rural  and  48.4 
urban.  On  the  town  roads  rural  vehicles  contributed 
63.5  percent  of  the  vehicle-mileage.  Traffic  in  the  cities 
was  predominantly  urban,  town-owned  vehicles  con- 
tributing only  3.8  percent. 

TABLE  SHOWS  RELATION  OF  TRAVEL  AND  EXPENDITURES 

By  using  the  facts  as  to  travel  in  Wisconsin  developed 
by  the  survey  of  traffic  in  connection  with  the  known 
mileage  of  each  system  of  highways,  the  known  motor- 
vehicle  license  fees  and  gasoline  taxes,  and  the  known 
expenditures,   it   was   possible   to   construct    table   21, 
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showing  many  basic  relationships  between  the  several 
highw  ay  systems. 

Table  21. —  Travel   and  expenditures    upon   Ike  various  highway 
systems  and  the  local  streets  in  1930  ' 


Item 

Slate 
Total      I     trunk 

County 
trunk 

Local  highways  ami  streets 

highways 

highways 

Towns 

Villages 

Cities 

Vehicle-miles 

traveled: 

Total  on  each 

(in  millions) - 

5,661.8 

2, 986.  5 

768.0 

lis  5 

71.  2 

1,387.5 

Percentage  on 

each        ..--          100.0 

52.  7 

13.6 

7.9 

1.3 

24   5 

I  i  uly  average  | 

per   mile  of 

highway 

173 

801 

152 

21 

125 

761 

Distribution    of 

motor-vehicle 

ir\  enues: 

If  prorated  ac- 

cording to  ve- 

hicle-mileage. 

$20, 025,  800 

$10,553,600 

$2,  723,  500 

$1,585,900 

$2111.71111 

$1,913,0(10 

As  actually  ex- 

pended. 

$20, 025,  800 

$14,794,500 

$3, 100, 000 

$1,  460,  200 

$38,900 

$032,  200 

Expenditure 

Total  on  eacb_ 

$61,280,400 

$24, 918,  700 

$9,  449, 100 

$13,910.'. -1 

$11,411,700 

Percentage  on 

each 

100.0 

■10.7 

15.4 

22.  7 

2.6 

ISO 

Expenditures 

per   vehicle- 

mile  <m  each 

(in  cents) 

1.08 

0.83 

1.23 

3.  10 

2.  23 

o.  82 

1  This  table  is  based  upon  the  facts  as  to  travel  ascertained  by  the  survey  of  traffic, 
motor-vehicle  imposts,  and  highway  expenditures.  In  making  the  computations 
the  mileage  traveled  by  motor  vehicles  from  other  States  and  motor  busses  nil 
regularly  routed  motor  trucks  was  disregarded.  This  mileage  was  traveled  almost 
exclusively  on  the  State  trunk  highway  system.  To  this  extent,  all  amounts  and 
percentages  shown  for  travel  on  the  State  trunk  highway  system  are  low  in  the  i  i  e 
of  these  roads  and  high  in  the  case  of  the  other  highway  systems.  Earnings  shown 
arc  based  on  the  assumption  that  each  system  of  highways  earns  in  proportion  to 
the  mileage  traveled  upon  it. 

The  first  division  in  the  table  shows  the  millions  of 
vehicle-miles  traveled  on  each  highway  system  in  1930, 
the  percentage  that  this  vehicle-mileage  is  of  all  miles 
traveled,  and  the  average  daily  traffic  per  mile  of  high- 
way on  each  system.  The  State  trunk  highways,  al- 
though comprising  only  11.4  percent  of  the  total  road 
and  street  mileage  of  the  State,  carried  52.7  percent  of 
the  total  traffic;  the  county  trunk  highways  carried  13.G 
percent;  and  the  local  highways,  including  town  roads, 
village  and  city  streets,  carried  33.7  percent.  The  city 
streets,  which  alone  carried  a  total  of  1,387,500,000 
miles,  accounted  for  24.5  percent  of  the  total  traffic. 
The  traffic  on  the  State  trunk  highways  and  on  the  city 
streets  constituted  77.2  percent  of  the  total  motor- 
vehicle  traffic  of  the  State. 

It  will  be  noted  that  the  average  daily  traffic  on  the 
State  trunk  highway  system  so  computed  is  801  per 
day;  on  the  county  trunk  highways,  152  per  day.  The 
average  on  town  local  roads  is  21  per  day,  while  on 
village  streets  it  is  125,  and  on  city  streets,  7G1.  The 
average  movement  per  mile  over  all  streets  and  high- 
ways in  the  State  was  173  vehicles.  The  State  trunk 
highways  carried,  on  the  average,  over  five  times  ;is 
much  traffic  per  mile  as  the  county  trunk  highways,  and 
about  40  times  as  much  traffic  per  mile  as  the  local  rural 
highways. 

The  next  section  in  the  table  concerns  itself  with  a 
hypothetical  distribution  of  the  expenditures  from 
motor-vehicle  revenues,  in  proportion  to  the  vehicle- 
mileage  on  each  system.  Immediately  below  these 
figures  are  those  showing  how  the  net  proceeds  of  tin' 
motor-vehicle  imposts  were  actually  distributed  to 
these  highway  systems  in  1930.  Considerably  more 
motor-vehicle  money  was  spent  on  the  State  trunk 
highways  than  would  be  called  for  by  a  distribution 
according  to  vehicle-mileage.  On  the  county  system 
and  the  town  roads  the  figures  do  not  differ  greatly,  the 
county  roads  receiving  somewhat  more  and  the  town 


roads  somewhat  less  than  the  amount  indicated  hi  the 
distribution  according  to  vehicle-mileage.  In  1930  the 
Wisconsin  legislature  doubled  the  allowance  of  motor 
vehicle  money  to  the  towns;  so  thai  if  the  expenditures 
of  a  later  year  were  analyzed  the  town  roads  would  no 
doubt  he  shown  to  receive  considerably  more  t  han  t  heir 
quota  on  the  basis  of  traffic.  The  village  and  city  st  reets, 
on  the  other  hand,  received  relatively  little  mot  or- vehicle 
money,  the  hulk  of  the  funds  being  derived  from  prop- 
erty taxes,  including  special  assessments.  The  fact 
that  so  great  a  share  of  the  motor-vehicle  revenues  goes 
to  the  State  and  county  trunk  highways  is  in  line  with 
the  principle  that  motor  vehicle  money  should  he  ex- 
pended very  largely  on  the  roads  of  general  service,  while 
revenues  from  property  taxation  should  be  devoted 
primarily  to  urban  streets  and  the  land-serving  local 
roads. 

In  the  final  section  of  table  21  the  expenditures  on 
the  several  systems,  previously  given  in  table  14,  are 
repeated,  together  with  the  corresponding  percentages 
and  the  expenditures  per  vehicle-mile  on  each  system. 

The  expenditures  on  the  State  highway  system  were 
40.7  percent  of  the  total.  The  State  system  curried, 
as  indicated  in  the  first  section  of  the  table,  52.7  per- 
cent of  the  total  traffic.  The  difference  between  the 
traffic  ratio  and  the  expenditure  ratio  is  not  verj 
marked  in  case  of  the  county  trunk  highways.  Then' 
the  traffic  amounted  to  13.6  percent  of  the  total  traffic, 
and  expenditures  constituted  lo.4  percent  of  the  total 
expenditures. 

Among  local  highways  and  streets,  the  town  roads 
although  carrying  only  7.9  percent  of  all  traffic  repre- 
sent expenditures  of  22.7  percent  of  the  total.  Village 
streets  are  less  out  of  line,  with  1.3  percent  of  total 
traffic  and  2.6  percent  of  expenditure.  City  streets 
reverse  the  traffic-expenditure  ratio,  with  24.5  per- 
cent of  the  vehicle  mileage  and  18.6  percent  of  total 
expenditures. 

The  last  item,  and  a  very  interesting  one,  shows  the 
number  of  cents  expended  on  each  highway  system  per 
vehicle-mile  of  travel  on  the  system.  It  will  be  noted 
that  on  all  highway  systems,  the  highway  cost  per  mile 
of  travel  was  1.0S  cent-:  on  the  State  trunk-highway 
expenditure  it  was  0.83  cent  ;  on  the  county  trunk- 
highway  system,  1.23  cents;  on  the  local  town  highways 
it  was  3.1  cents;  on  the  local  village  streets,  2.23  cents; 
and  on  the  local  city  streets,  0.82  cent.  The  expendi- 
tures per  mile  of  traffic  were  less  on  the  city  si  reets  than 
on  any  other  highway  system,  while  the  State  trunk- 
highway  system  showed  the  lowest  rate  of  till  rural 
highways. 

In  computing  this  table,  the  traffic  of  motor  vehicles 
from  outside  of  Wisconsin,  of  motor  busses,  and  of 
motor  trucks  traveling  on  regular  routes,  was  not  in- 
cluded. Accordingly,  the  showing  for  the  State  trunk 
highway  system,  on  which  practically  all  of  this  travel 
occurs,  is  less  favorable  than  would  have  been  the  case 
bad  these  figures  been  included.  On  the  other  hand, 
the  showing  of  all  other  road  systems  would  have  been 
lowered. 

STUDY  OF  SURVEY  DATA  YIELDS  SIGNIFICANT  FACTS   REGARDING 
TAXES,  TRAVEL,  AND  EXPENDITURES 

The  point  is  now  reached  where  is  it  possible  to  draw 
together  and  compare  tin1  essential  lads  developed 
by  the  survey,  and  from  them  derive  certain  conclusions 
regarding  the  relations  existing  in  Wisconsin  in  1930, 
between  the  following  factors: 

1.  Taxes  paid  for  highways  by  the  residents  of  the 
various  local  units  of  eovernmenl ; 
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2.  The  funds  expended  on  the  several  highway  sys- 
tems and  the  local  streets; 

3.  The  relative  contributions  by  motor-vehicle  own- 
ers in  the  various  local  units  to  the  total  travel  of 
Wisconsin  vehicles  in  the  State; 

4.  The  relative  amounts 
several 


of   travel   on   the 
highway  systems  and  the 
local  streets. 

The  relation  between 
taxes  paid  in  the  various 
local  units  of  government 
and  expenditures  on  the 
road  systems  and  local 
streets  of  the  State  may 
be  derived  from  a  study  of 
table  15.  Tables  16,  17, 
and  20  give  the  necessary 
information  regarding  the 
travel  of  motor  vehicles; 
and  table  21  shows  certain 
relations  between  travel 
and  expenditures.  In  the 
statement  of  conclusions 
given  below,  references  are 
made  to  the  tables  upon 
which  each  deduction  is 
based. 

CONCLUSIONS 

1.  Rural  property  pays 
no  tax  for  urban  streets 
(table  15). 

2.  Sixty-one  percent  of 
the  road  tax  on  urban 
property  goes  for  rural 
roads ;  39  percent  for  city 
streets  (table  15). 

3.  Of  the  total  road  tax 
on  rural  property  (table 
15): 

(a)  11.7  percent  goes  to 
State  trunk  highways; 

(b)  22.6  percent  goes  to 
county  trunk. highways; 

(c)  65.7  percent  goes  to 
local  rural  (town)  roads. 

4.  Of  the  total  road  tax 
on  city  property  (table 
15): 

(a)  16.7  percent  goes  to 
State  trunk  highways ; 

(b)  32.1  percent  goes  to 
county  trunk  highways ; 

(c)  11.8  percent  goes  to 
local  rural  (town)  roads; 

(d)  39.4  percent  goes  to 
city  and  village  streets. 

5.  Since,  of  the  total 
property    valuation    of 

$5,896,513,000,  37  percent,  or  $2,181,710,000,  was  rural, 
and  63  percent,  or  $3,714,803,000,  was  urban  (p.  22 
and  table  15): 

(a)  Expenditures   from   property   taxes   for   all 
highways  were  at  the  following  rates: 
Rural— 63.3  cents  per  $100; 
Urban— 21.2  cents  per  $100. 


RELATIONS  ESTABLISHED  BETWEEN  HIGHWAY  TAXES  PAID, 
HIGHWAY  EXPENDITURES,  AND  TRAVEL  ON  THE  VARIOUS 
SYSTEMS 

The  total  mileage  of  highways  and  streets  in 
Wisconsin  in  1930  was  89,539.  The  State  high- 
way system  consisted  of  10,218  miles,  divided 
into  2,345  miles  of  primary  Federal-aid  highways, 
3,246  miles  of  secondary  Federal-aid  highways, 
and  4,627  miles  of  other  State  trunk  highways. 
The  county  highway  system  contained  13,827 
miles;  the  local  town  roads,  58,934  miles;  village 
streets,  1,567  miles;  and  city  streets,  4,993  miles. 

The  total  volume  of  traffic  (exclusive  of  out-of- 
State  vehicles)  on  all  roads  and  streets  in  Wiscon- 
sin during  the  year  1930  was  approximately  6 
billion  vehicle-miles,  of  which  52.7  percent  oc- 
curred on  the  State  highway  system,  13.6  percent 
on  the  county  system,  7.9  percent  on  town  roads, 
and  25.8  percent  on  village  and  city  streets. 

The  average  density  of  traffic  on  the  State 
highway  system  was  801  vehicles  per  day;  on  the 
county  system,  152  vehicles  per  day;  on  the  town 
roads,  21  vehicles  per  day;  on  village  streets,  125 
vehicles  per  day;  on  city  streets,  761  vehicles 
per  day. 

Expenditures  on  the  State  highway  system  in 
1930  were  $24,918,700,  or  0.83  cents  per  vehicle- 
mile  of  travel;  on  the  county  system,  $9,449,100, 
or  1.23  cents  per  vehicle-mile;  on  the  town  roads, 
$13,910,900,  or  3.10  cents  per  vehicle-mile;  on 
village  streets,  $1,590,000,  or  2.23  cents  per  ve- 
hicle mile;  on  city  streets,  $11,411,700,  or  0.82 
cents  per  vehicle-mile. 

Of  the  total  property  taxes  expended  on  all 
roads,  13.5  percent  was  expended  on  the  State 
highway  system;  72.1  percent  on  county  and 
town  roads;  and  14.4  percent  on  village  and  city 
streets. 

Of  the  total  of  all  taxes  and  imposts  expended 
on  all  roads  and  streets,  rural  property  and  motor- 
vehicle  owners  paid  46.9  percent,  and  travel  by 
rural  vehicles  made  up  31.9  percent  of  the  total 
travel  on  all  roads  and  streets;  city  and  village 
property  and  motor- vehicle  owners  paid  53.1 
percent,  and  travel  by  city  and  village  vehicles 
made  up  68.1  percent  of  the  total  travel.  These 
relations  between  highway  taxes  paid  and  travel 
were  no  doubt  considerably  modified  by  the  in- 
crease of  the  gasoline  tax  from  2  to  4  cents  per 
gallon,  which  occurred  in  1931. 


cents    per 


per 


(b)  Expenditures  from  property  taxes  for  State 
trunk  highways  were  at  the  following 
rates : 

Rural — 7.4  cents  per  $100; 
Urban— 3.5  cents  per  $100. 

(c)  Expenditures  from 
property  taxes  for  county 
trunk  highways  were  at 
the  following  rates: 

Rural— 14.3 
$100; 

Urban — 6.8    cents 
$100. 

(d)  Expenditures  from 
property  taxes  for  local 
rural  (town)  roads  were 
at  the  following  rates: 

Rural — 41.6  cents  per 
$100; 

Urban — 2.5  cents  per 
$100. 

(e)  Expenditures  from 
property  taxes  for  city 
and  village  streets  were 
at  the  following  rates: 

Rural — no  tax; 
Urban — 8.4    cents    per 
$100. 

6.  Of  the  total  property 
taxes  expended  on  all 
roads  (tables  15,  20,  21): 

(a)  13.5  percent  was 
expended  on  State  trunk 
highways,  upon  which  52.7 
percent  of  the  total  travel 
occurs; 

(6)  26.0  percent  was  ex- 
pended on  county  trunk 
highways,  upon  which  13.6 
percent  of  the  total  travel 
occurs ; 

(c)  46.1  percent  was  ex- 
pended on  local  rural 
(town)  roads,  upon  which 
7.9  percent  of  the  total 
travel  occurs; 

(d)  14.4  percent  was 
expended  on  city  and  vil- 
lage streets,  upon  which 
25.8  percent  of  the  total 
travel  occurs. 

7.  Of  the  total  motor- 
vehicle  imposts  expended 
on  all  classes  of  roads  and 
streets  (tables  15,  20): 

(a)  Rural  motor-vehicle 
owners  (residentsof  towns) 
paid  33.9  percent,  and  travel  by  these 
same  rural  owners  made  up  31.9  percent 
of  the  total  travel  on  all  classes  of  roads 
and  streets; 
City  and  village  motor-vehicle  owners  paid 
66.1  percent  and  made  up  68.1  percent  of 
the  total  travel. 


(b) 
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Table  22. — Comparison  of  taxation  mid  expenditures  in  Wisconsin  in 


$1,000  in  taxes  ' 


Residents  of- 


Towns 

Places  up  to  2,500 

Places  2,500  to  15,000.. 
Places  15,000  to  75,000 

Milwaukee 

Towns 

Places  up  to  2,500 

Places  2,500  to  15,000. 
Places  15,000  to  75,000 

Milwaukee 

Towns 

Places  up  to  2,500 

Places  2,500  to  15,000. 
Places  15,000  to  75,000 
Milwaukee 


Pay- 


$180.22 

51.00 

71.45 

136.  91 

100.37 

33.  50 
10.  15 
11.27 
22.09 
21.83 
79.82 
22.89 

34.  94 
79.52 
84.04 


In- 


Proper  ty    tax, 
$599.95. 


Motor-vehicle  fees 
■    and    gasoline 
tax,  $98.84. 


Other    miscella- 
•    lancous      taxes, 
$301.21. 


$1,000  in  expenditures 


Divi^;< 
purpose ! 


Education. 

$325.  77. 


Highways,  $302.80. 

Public    benefit, 
$309.61. 


Government, 
$61.82. 


Subdivision  by 

highway  system  3 


Source  of  expenditure  ' 


State     highways, 

$123.24. 


County      trunk 
high  w  a  J  S , 

$16. 63. 

Town     roads, 
$68.74. 


Village   and    city 
streets,  $64.19. 


[Taxes  paid  in: 

Towns... 

Villages  and  cities 

Federal  aid 

[Proceeds  of  bonds  and  loans 
Taxes  paid  in: 

Towns 

Villages  and  cites 

Proceeds  Of  bonds  and  loans 
Taxes  paid  in: 

Towns 

Villages  and  cities 

Proceeds  of  bonds  and  loans 
Taxes  paid  in: 

Towns 

Villages  and  cities 

Proceeds  of  bonds  and  loans 


Amount  ' 

Percent 

$32.  78 

54.89 

II  53 

15.08 

12  24 

II  08 

18  51 

3   15 

7    1! 

58  69 

9  30 

.  69 

1.01 

1.  12 

1.75 

40.95 

6  ,  -.ii 

22.  12 

34.45 

Percent- 

tribution 
to  tratlic 
on  sys- 
tem 5 


51.6 
48.4 


'  See  tables  2,  5,  and  6. 

2  See  table  10. 

'  See  table  14. 

1  See  table  15  and  p.  29. 

s  Traffic  of  Wisconsin  vehicles  only. 


See  table  20. 


S.  Of  the   total   motor  vehicle  imposts    (tables    15, 
20,21): 

(a)  73.8  percent  was  expended  on  State  trunk 
highways,  upon  which  52.7  percent  of  the 
total  travel  occurs; 
(6)  15.5  percent  was  expended  on  county  trunk 
highways,  upon  which  13.6  percent  of  the 
total  travel  occurs; 

(c)  7.3    percent   was   expended   on   local    rural 

(town)  roads,  upon  which  7.9  percent  of 
the  total  travel  occurs; 

(d)  3.4  percent  was  expended  on  city  and  village 

streets,  upon  which  25.8  percent  of  the 
total  travel  occurs. 
9.  Of  all  imposts  and  taxes  expended  on  all  roads 
(tables  15,  20,  21): 

(a)  36.4  percent  was  expended  on  State  trunk 

highways,  upon  which  52.7  percent  of  the 
total  travel  occurs; 

(b)  17.9  percent  was  expended  on  county  trunk 

highways,  upon  which  13.6  percent  of  the 
total  travel  occurs; 

(c)  28.2  percent  was  expended  on  local  rural 

(town)  roads,  upon  which  7.9  percent  of 
the  total  travel  occurs; 

(d)  17.5  percent  was  expended  on  city  and  village 

streets,   upon  which  25.8  percent  of  the 
total  travel  occurs. 


10.  Of  the  total  of  all  taxes  expended  on  till  classes  oi 
roads  and  streets  (tables  15,  20): 

(a)  Rural   property   and    motor-vehicle   owners 

paid  46.9  percent,  and  travel  by  ruin  I 
vehicles  made  up  31.9  percent  of  the  total 
travel  on  all  classes  of  roads  and  streets ; 

(b)  City  and  village  property  and  motor-vehicle 

owners  paid  53.1  percent  and  city  and 
village  vehicles  made  up  68.1  percent  of 
the  total  travel. 

TAXES  AND  EXPENDITURES  COMPARED 

Table  22  shows  a  comparison  between  the  sources  ol 
$1,000  in  taxes  in  L930  and  the  manner  in  which 
$1,000  was  expended  in  the  same  year.  The  data 
given  in  this  table  were  obtained  directly  from,  or  com- 
puted from,  tables  given  previously  in  the  report. 

If  it  were  desired  to  make  the  tabulation  analogous 
to  a  true  balance  sheet  of  receipts  and  outlays  for  the 
year,  it  would  be  necessary  to  include  proceeds  from 
bonds  and  loans  on  the  left  of  the  double  line,  and  prin- 
cipal payments  on  the  right;  and  also  to  make  allowance 
for  balances  carried  over  and  carried  forward.  The 
complete  figures  necessary  for  such  a  presentation  were 
not  available;  so  that  expenditures  as  given  cannot  be 
said  to  balance  receipts  from  taxes.  It  is  believed,  how- 
ever, that  table  22  gives  a  true  picture  of  the  rein  (ion 
between  tax  money  received  and  actual  expenditures 
in  the  year  1930. 


PURPOSES  OF  TRAVEL 


In  undertaking  the  traffic  survey,  it  was  felt  that  if 
would  be  of  some  interest  to  know  about  how  much  of 
the  indicated  mileage  of  automobiles  was  for  pleasure 
purposes,  and  how  much  was  for  business  purposes;  and 
also  to  get  some  idea  of  the  travel  and  touring  habits  of 
Wisconsin  motor-vehicle  owners.  This  information  was 
obtained  from  all  automobile  owners  covered  by  the 
survey,  but  only  about  40  percent  of  the  schedules  were 
tabulated  in  making  up  table  23.  The  average  total 
mileages  in  this  sample  vary  somewhat  from  the  aver- 
age mileages  of  the  whole  survey,  because  in  making 
up  the  comparatively  small  sample,  an}7  automobile 


going  a   most  extraordinary  mileage  or  for  apparently 
extraordinary  purposes  was  disregarded. 

This  tabulation  indicates  that  practically  60  percent 
of  till  automobile  travel  is  for  business  purposes,  and  I" 
percent  is  for  pleasure  purposes.  Also,  thai  35  percent 
of  Wisconsin  automobile  owners  drove  into  adjacenl 
States  in  1930,  \\  bile  only  7..".  percent  went  into  adjacent 
and  distant  States  both.  About  43  percent  of  all  Wis- 
consin automobiles  apparently  entered  some  other  State 
in  1030.  It  is  interesting  to  note  that  the  farmers  did 
by  far  the  lowest  percentage  of  touring  in  other  Stat 
while,  as  mighl   be  expected,  resident-  of  Milwaukee 
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Table  23. — Purposes  of  travel  of  1,720  Wisconsin  automobile 
owners  in  1930,  with  some  information  as  to  their  travel  in  other 
counties  and  States  l 


-a 
a 

z 

C3 

O 
D, 
O 
« 

Average  miles 
traveled 

Number  visiting 
other  States 

03 

©  O 

ex  o 
<  o 

\r  a  o 

Place  of  ownership 

'cs 

o 

3 

o 

a 

p, 

o 

a 

as 

<< 

•a 
c 
a  ^ 

**  a 
a  a 

■e 

o 

£S3 

»  3.9 
feSB 

l.  a-  O 

708 

5,575 

3,  580 

04.  3 
3,841 

54.9 
4,870 

54.9 
4.559 

56.  7 
0,017 

62  'i 
1,364 

00.  1 

1,989 

35  : 

3,154 

45.  1 
3,  997 

45.1 
3,484 

43.3 
3,550 

37.1 
2,  902 

39.9 

160 

22.0 

92 

19  2 

95 

48.7 

155 
46.0 

156 
53.2 

608 
35.3 

18 

2.5 

13 

7.0 

22 

11.3 

35 

10.4 

41 

14.0 

129 

7.  5 

178 
25.1 

105 
56.2 

117 
60.0 

190 
56.4 

197 
67.2 

737 
42.8 

4.9 

95 

Places  up  to  2,500 

187 

6. 995 

9.  5 

147 

Places  2,500  to  15,000 

195 

8,807 

10.  3 

167 

riaees  15,000  to  75,000._.. 

337 

8,043 

s  s 

169 

293 

9,  567 

11.4 

185 

Total  for  State 

1,720 

7,  266 

7  9 

139 

i  This  is  a  tabulation  of  40  percent  of  all  reports  of  travel  made  in  the  survey.  The 
same  percentage  of  reports  from  each  group  of  units  of  Government  was  used  to  pro- 
duce a  properly  balanced  sample. 

did  the  most.  Only  25.1  percent  of  the  owners  of  motor 
vehicles  residing  in  towns  traveled  in  other  States  than 
Wisconsin;  67.2  percent  of  the  Milwaukee  motor-vehicle 
owners  toured  in  other  States. 

In  order  to  get  some  idea  of  how  many  counties  in 
Wisconsin  the  owners  visited,  that  information  was  also 
taken.  The  average  motorist  visited  about  eight  coun- 
ties other  than  his  home  county.  Again,  the  farmers 
did  by  far  the  least  traveling  in  other  counties. 

The  owner's  statement  of  the  greatest  number  of 
miles  which  the  automobile  traveled  in  Wisconsin  away 


from  its  home  garage  was  also  recorded.  The  average 
touring  limit  was  apparently  139  miles.  Again,  the 
farmers  did  far  less  touring  than  any  other  class,  and 
again  Milwaukee  showed  the  larger  wanderlust. 

This  table  is  believed  to  present  the  first  figures  of 
this  character  ever  assembled  and  published.  It  indi- 
cates quite  clearly  that  the  residents  of  Wisconsin  did 
not  travel  as  extensively  in  1930  as  has  been  believed 
to  be  the  custom.  Only  7.5  percent,  apparently,  went 
on  real  tours  into  other  States.  The  percentage  visiting 
adjacent  States,  is,  of  course,  high.  It  would  probably 
be  much  higher  in  the  average  State,  for  Wisconsin  has 
Lake  Michigan  on  the  east,  the  Mississippi  and  St. 
Croix  Rivers  largely  bound  it  on  the  west,  and  Lake 
Superior  also  interferes  with  contacts  with  Canada. 

The  percentage  of  the  travel  for  business  and  for 
pleasure  was  ascertained  from  the  original  traffic  survey 
sheets.  The  purposes  of  travel  were  so  divided  on  these 
sheets  that  it  was  possible  to  distinguish  the  travel  as 
between  pleasure  and  business  travel. 

It  is  believed  that  the  tables  presented,  giving  the 
results  of  the  State-wide  survey  of  highway  traffic,  offer 
an  accurate  indication  of  the  travel  of  Wisconsin  motor 
vehicles  in  1930. 

The  method  followed,  involving  the  use  of  schedules 
or  questionnaires,  may  be  subject  to  unfavorable 
criticism,  but  it  is  believed  that  the  results  comprise  a 
valuable  contribution  to  the  rapidly  growing  data  on 
highway  traffic  developed  by  other  studies  in  other 
States.  Certainly,  many  relationships  previously  un- 
known or  merely  guessed  at  have  been  brought  into  the 
field  of  probable  facts. 
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THE  ILLINOIS  FINANCIAL  SURVEY 

Digest  of  a  Survey  of  the  Finances  of  Illinois  in  1930,  with  Special  Reference  to  Highways,  Conducted  by  Ihe  Bureau  of  Public  Roads  and  the  University  of 

Wisconsin 


THIS  STUDY  of  highway  finance  in  Illinois  is  one 
of  a  series  conducted  by  the  United  States  Bureau 
of  Public  Roads  in  cooperation  with  the  Univer- 
sity of  Wisconsin  and  various  State  highway  depart- 
ments, involving  expenditures  for  highway  purposes  and 
the  incidence  of  taxes  for  these  and  other  purposes. 
The  Illinois  survey  is  based  on  the  calendar  year  1930.1 
The  following  summary  of  the  comprehensive  report 
made  by  the  investigators  has  been  prepared  by  the 
Division  of  Highway  Transport  of  the  Bureau  in 
order  to  make  the  results  available  in  concise  form. 
The  arrangement  of  material  follows  that  of  the  Wis- 
consin summary  for  greater  ease  of  comparison.2 

The  calendar  year  1930  wras  selected  for  the  study 
because  of  its  being  a  United  States  census  year,  as 
wrell  as  the  latest  year  for  which  data  from  Cook 
County  could  be  obtained.  It  is  also  the  same  year  for 
which  the  similar  studies  in  Wisconsin  and  Michigan 
were  made. 

To  classify  the  incidence  of  taxation,  the  State  was 
divided  into  groups  of  governmental  units  and  into 
classes  of  residence.  To  distribute  highway  expendi- 
tures, the  highway  classifications  in  use  in  the  State 
were  adopted. 

Division   into   groups    of    governmental    units    and 
classes  of  residence  was  as  follows: 
The  State  government. 
The  counties: 

Group  1. — All    counties    with    a    population    of 
over  400  persons  per  square  mile  in 
1930. 
Group  2. — -All    counties    with    a    population    of 
from  75  to  400  persons  per  square 
mile  in  1930. 
Group  3. — All    counties    with    a    population    of 
from  45  to  74  persons  per  square 
mile  in  1930. 
Group  4- — -All    counties    with    a    population    of 
from  30  to  44  persons  per  square 
mile  in  1930. 
Group  o. — All    counties    with    a    population    of 
from  20  to  29  persons  per  square 
mile  in  1930. 
The  municipalities,  or  local  government  units: 

Townships  (embracing  all  rural  areas  outside  of 

incorporated  municipalities)  .3 
Incorporated    places    having 


2,500  or  less. 
Incorporated    places    having    a 

2,500  to  15,000. 


population    of 
population    of 


1  The  investigation  was  directed  by  Henry  R.  Trumbower,  i  rofessor  of  economics 
at  the  University  oi  Wisconsin  and  eci  ni  n  isl  for  the  Bureau  of  Public  Road 
sisted  by  the  late  A.  R.  Hirst.  engine<  r,  and  H  R.  Briggs,  statistician.  The  Division 
of  Highways,  Illinois  Departmenl  of  Public  Works  and  Buildings,  cooperated  in 
making  the  facts  and  data  available.  The  fullrepcrl  wa  recently  published  by  the 
State  of  Illinois,  under  the  title  "  Economic  Survey  of  lllinoi    " 

■  For  results  of  the  Wisconsin  survey,  see  the  April  1933  i:   ue  of  Public  Roads. 

3  There  are  in  Illinois  incorporated  cities,  villages,  and  towns.    All  such  muni- 
cipalities are  included  in  the  classification  of  incorporated  places. 
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Incorporated    places    having    a    population    of 

15,000  to  75,000. 
Incorporated    places    having    a    population    of 

75,000  (o  400,000. 
The  city  of  Chicago. 

The  purposes  of  the  investigation  were  as  follows: 
(1)  To  study  and  analyze  the  direct  and  indirect 
highway  receipts  and  disbursements  of  the  Stale  and 
of  the  counties,  townships,  municipalities,  and  other 
political  subdivisions  thereof;  (2)  to  develop  facts  and 
information  showing  the  effect,  of  highway  and  related 
taxes  on  property  of  all  kinds;  and  (3)  to  develop  the 
total  amount  of  revenues  raised  for  all  other  govern- 
mental purposes  of  the  State,  counties,  and  local  units 
as  compared  with  the  revenues  raised  for  highways, 
bridges,  and  streets. 

Illinois  was  selected  as  a  field  for  study  partly  be- 
cause of  the  representative  character  of  its  centralized 
highway  development  and  partly  because  the  facts 
as  to  receipts,  expenditures,  and  debts  of  the  State  had 
never  before  been  assembled.  It  was  believed  of 
value,  therefore,  to  present  information  relative  to  the 
highway  situation  in  Illinois,  and  also  to  obtain  general 
financial  statistics  for  use  in  intelligently  planning 
future  Illinois  highway  programs. 

It  is  natural  that  these  exhaustive  investigations 
should  reveal  many  incidental  facts.  This  has  been 
the  case  in  Illinois,  where  certain  conditions  have  been 
noted  which  appear  worthy  of  mention:  (1)  There  was 
apparent,  quite  generally,  evidence  of  conscientious 
efforts  on  the  part  of  most  local  fiscal  agents  in  all 
branches  of  the  State  government  to  carry  on  their 
work  in  a  satisfactory  and  cooperative  way  under 
difficult  and  complex  conditions  which  seemed  to  the 
investigator  to  be  most  discouraging;  (2)  the  fiscal 
system  and  records  of  the  State-wide  organization  of 
counties  and  local  units  are  cumbersome  and  unscien- 
tific; (3)  the  State  has  no  central  accounting  control  of  any 
kind:  (4)  the  taxing  authority  is  excessively  subdivided  ; 
and  (5)  the  existing  organization  automatically  creates 
unduly  heavy  overhead  for  local  road  administration. 

The  reader  should  bear  in  mind  that  the  present 
study  relates  only  to  the  year  1930.  Students  of  tax- 
ation problems  will  readily  realize  that  the  situation 
here  portrayed  differs  somewhal  from  that  existing 
today  in  Illinois  and  Chicago.  The  value  of  this  stud\  . 
however,  lies  in  its  analysis  of  fundamental  relation- 
ships between  taxes  and  expenditures,  .and  is  not 
diminished  by  temporary  and  abnormal  conditions 
affecting  tax  collections. 

In  considering  (lie  financial  data  for  Illinois,  care 
must  be  used  to  make  proper  allowance  for  the  greal 
influence  exerted  by  the  city  of  Chicago  upon  all  trends 
and  averages.  In  this  city  were  concentrated  over  44 
percent  of  the  population,  over  ill  percent  of  all  motor 
vehicles,  and  over  45  percent  of  the  assessed  valuation  of 
the  en  lire  State  of  Illinois,     Upon  taxpayers  of  this  city 
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were  levied  more  than  55  percent  of  all  taxes  levied  with- 
in the  State ;  and  more  than  52  percent  of  the  total  public 
expenditures  in  Illinois  in  1930  was  made  in  Chicago. 

GOVERNMENTAL  SYSTEM   DESCRIBED 

The  State  Government  is  of  the  usual  type,  with  a 
General  Assembly  composed  of  2  houses,  a  Governor 
and  other  State  elective  offices,  9  executive  depart- 
ments and  other  appointive  bodies. 

There  is  a  State  tax  commission  the  duties  of  which 
are  to  lix  the  valuation  of  railroads  and  certain  property 
of  corporations,  and  generally  to  supervise  local  prop- 
erty taxation. 

There  are  two  distinct  types  of  county  government — 
17  counties  in  the  southern  part  of  the  State  have  a 
county  unit  system  and  85  counties  have  the  township 
form  of  organization;  in  Cook  County  there  is  a  special 
form  of  county  organization. 

Local  government  is  complex,  with  many  concurrent 
overlapping  governmental  bodies.  The  taxpayer  may 
find  himself  subject  to  concurrent  property  taxes  levied 
by  the  following  agencies:  State,  county,  township, 
village  or  city,  high-school  district,  common-school 
district,  sanitary  district,  forest-preserve  district,  park 
district,  and  mosquito-abatement  district,  or  10  govern- 
mental agencies.  And,  in  addition,  he  may  be  subject 
to  special  assessments  for  streets,  sidewalks  and  sewers. 
Each  of  these  agencies  has  its  own  set  of  officers,  its 
own  records,  and  an  authority  to  levy  taxes  and  incur 
indebtedness.  In  this  study  it  has  not  been  the  prac- 
tice to  divide  the  units  of  government  further  than  the 
townships  and  incorporated  places.  Other  minor 
governmental  areas  have  been  treated  as  parts  of  the 
larger  units  containing  them. 

POPULATION  AND  ASSESSED  VALUATION 

In  1930  the  population  of  Illinois  was  7,630,654. 
Concentration  of  population  was  primarily  urban— 
6,286,995  persons  being  inhabitants  of  incorporated 
places  and  1,343,059  being  residents  of  unincorporated 
territory.  These  urban  populations  tend  to  concen- 
trate in  metropolitan  areas,  ;is  shown  by  the  fact  that 
4,486,441  persons  live  in  cities  of  over  25,000.  Of 
these,  3,376,438  live  in  the  city  of  Chicago. 

The  assessed  valuation  of  all  taxable  property  in 
Illinois  in  1930  was  $7,718,657,700.  Twenty-six  per- 
cent of  the  assessed  valuation  was  in  the  townships; 
6  percent  in  incorporated  places  having  a  population  up 
to  2,500;  8.8  percent  in  incorporated  places  having  a 
population  of  2,500  to  15,000;  11.3  percent  in  places 
having  a  population  of  15,000  to  75,000;  2.2  percent 
in  places  having  a  population  of  75,000  to  400,000;  and 
45.7  percent  was  in  Chicago.  Thus,  20  percent  of  the 
valuation  was  in  the  rural  areas,  and  74  percent  in  the 
urban  areas. 

So  far  as  could  be  ascertained,  real  estate  in  Illinois 
was  assessed  in  1  !»:>()  at  from  30  to  40  percent  of  its  ac- 
tual value,  and  personal  property  at  only  nominal  values. 

The  report  on  Illinois  indicates  that  many  of  the 
relationships  found  to  exist  in  Wisconsin  are  du- 
plicated. Conspicuous  among  these  are  the  substantial 
contributions  to  rural  areas  from  the  various  municipal 
groups.  There  is  an  indication,  however,  that  the  large 
metropolitan  centers  such  as  Milwaukee  in  Wisconsin, 
Chicago  in  Illinois,  and  Detroit  in  Michigan  are  not 
only  unique  in  the  State  but  sometimes  have  a  tendency 
to  alter  very  substantially,  or  even  to  reverse,  observed 
tendencies. 


HIGHWAY  SYSTEMS  IN  1930 

In  1930  there  were  three  systems  of  rural  highways  in 
Illinois. 

Of  the  rural  highway  system,  10,098  miles,  or  10.4 
percent  of  the  total,  comprise  the  State  primary  system. 
This  system  is  under  the  jurisdiction  of  the  Illinois 
Department  of  Public  Works  and  Buildings,  Division 
of  Highways.  It  is  a  system  designed  as  a  State  trunk 
system  and  is  for  the  most  part  well  paved. 

Seventeen  thousand  three  hundred  sixty-nine  miles, 
or  17.9  percent  of  the  total,  comprise  the  county 
highway  system.  This  system  is  under  the  joint 
jurisdiction  of  the  counties  and  the  State  Department  of 
Public  WTorks  and  Buildings.  It  serves  principally 
county  travel.  The  larger  part  of  this  system  consists 
of  earth  roads. 

Seventy-one  and  seven  tenths  percent  of  the  total 
rural  highways  of  the  State  are  local  roads  under  the 
jurisdiction  of  local  authorities.  It  is  interesting  to 
note  that  these  locally  administered  roads  comprise  a 
mileage  nearly  seven  times  as  extensive  as  that  of  the 
system  under  direct  control  of  the  Division  of  High- 
ways. With  the  exception  of  a  small  percentage  of 
gravel,  earth  roads  comprise  practically  all  of  this 
system.  Table  1  classifies  the  rural  mileages  by  high- 
way systems  and  by  type  of  surfacing.  The  financing 
of  each  of  these  types  will  be  discussed  in  later  pages. 

The  total  rural  highway  mileage  of  the  State  amounts 
to  97,234  miles,  or  an  average  of  1.735  miles  per  square 
mile  of  territory.  This  is  the  mileage  as  traveled  in 
1930  and  may  vary  somewhat  from  other  mileages 
based  on  systems  as  officially  laid  out  or  designated. 

Table  1. — Mileagi  and  surfacing  <ij  rural  highways  in  19SQ 


M  ileage  and  type  of  surfacing 

System 

( !oncrete 

Bitum- 
inous 
macadam 

Stone, 
gravel, 

etc. 

Earth 

Total 

Miles 

Per- 
cent 

\i  ill-. 

Per- 
cent 

Miles 

Per- 
cent 

Miles 

Per- 
cent 

Miles 

Per- 
cent 

Per- 

cent- 

of 
total 

State . 

7.  683 

1,453 

83 

76.  1 

8.4 

.1 

2li 
130 

'.ill 

0.3 

'.  \ 

121 
4,726 
11,190 

1.2 
27.2 
16.  l 

2,208 
11,060 

58,  tin 

22.  4 
63.7 
83.7 

10, 098 
17,369 

69,  767 

100.0 
100.  0 
100.0 

10.4 

Countv 

17.9 

Township _.. 

71.  7 

Total 

9,219 

9.5 

246 

.2 

16,037 

16.5 

71,  732 

73.8 

97,  234 

100.0 

100.0 

At  the  end  of  1930  there  were  25,502  miles  of  surfaced 
rural  highways  in  Illinois,  or  26.2  percent  of  all  rural 
highways.  On  the  State  system,  77.6  percent  were 
surfaced;  on  the  county  system,  36.3  percent;  and  on 
the  local  roads,  16.3  percent. 

Of  the  total  rural  highway  mileage  in  the  State,  73.8 
percent  is  earth. 

The  Illinois  State  highway  system,  which  is  under 
the  control  of  the  Division  of  Highways,  and  for  which 
the  department  is  directly  responsible  for  construction 
and  maintenance,  is  divided  into  2,724  miles  known  as 
the  primary  Federal-aid  system;  4,252  miles  called  the 
secondary  Federal-aid  system;  and  the  remaining  3,122 
miles  are  classed  as  other  State  highways.  The  entire 
system  is  commonly  known  as  the  State  primary  sys- 
tem, or  the  State  bond  issue  road  system. 

The  funds  for  this  State  primary  system  are  derived 
from  State  imposts  upon  motor  vehicles,  from  Federal 
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aid  and  from  bond  issues.  As  the  bond  issues  are 
being  retired  oul  of  the  motor-vehicle  imposts,  in  the 
final  analysis   the  entire   program   will  be   carried  by 

these  imposts,  plus  the  Federal  aid. 

Few  facts  are  available  as  to  city  and  village  streets 
in  the  State  of  Illinois.  Nothing  is  known  as  to  their 
total  mileage  or  as  to  their  types  of  surface.  It  is 
known  that  out  of  the  $166,298,900  expended  on  all 
highways  in  Illinois  in  L930,  $100, 100,200,  or  two  thirds 
of  the  total  of  ail  highway  expenditures  of  the  year, 
were  local  expenditures  on  municipal  streets.  Of  this 
amount,  $75,873,300  were 
expended  by  the  city  of 
( Jhicago  alone. 


METHOD  OF  OBTAINING   DATA 
DESCRIBED 

Despite  difficulties 
which  at  first  seemed  in- 
surmountable—  including 
the  absence  of  a  central 
assembly  of  financial  ami 
tax  statistics,  the  scarcity 
of  public  reports  of  coun- 
ties and  municipalities, 
and  the  diversified  and 
complicated  systems  of 
municipal  accounting  ex- 
isting in  Illinois — prelim- 
inary visits  to  some  of 
the  leading  counties  and 
cities  showed  that  much 
information  was  available. 

It  was  decided,  there- 
fore, to  obtain  the  primary 
data  for  the  counties  and 
the  larger  cities  by  a  per- 
sonal visit  to  each,  for  the 
purpose  of  analyzing  and 
collecting  the  material  on 
the  premises.  The  result 
is  that  on  probably  half 
of  the  counties  and  the 
majority  of  the  larger 
cities,  accurate  detailed 
data  have  been  secured 
from  audit  reports.  On 
the  majority  of  the  re- 
maining counties  and  cit- 
ies, good  information  has  been  obtained  which  was  com- 
piled directly  from  the  county  records.  Of  the  balance 
of  the  counties  and  cities  which  were  for  the  most  part 
small  with  poor  records,  the  best  possible  estimates  were 

Table  2. —  Total  of  nil   Stair   anil  local  charges    imposed   for    all 
purposes  by  tin  StaU  ami  its  subdivisions  for  collection  in  1930 


ILLINOIS  TAXES  IN  1930 

Total  taxes  and  imposts  levied  for  all  purposes 
in  Illinois  in  1930  were  $582,407,100.  Taxation  of 
general  property  totaled  $427,317,600;  all  motor- 
vehicle  imposts,  including  gasoline  tax,  $54,149,- 
100;  other  sources,  including  insurance  and 
inheritance  taxes,  valuation  tax  on  railroads, 
corporation  imposts,  certain  local  imposts,  and 
miscellaneous  State  revenues,  $100,940,400. 

Of  the  total  taxes  and  imposts  levied,  rural 
taxpayers  were  charged  with  $71,516,100,  or  12.3 
percent;  those  in  incorporated  places  having  a 
population  up  to  2,500,  $38,011,300,  or  6.5  percent; 
in  places  of  2,500  to  15,000  population,  $65,583,100, 
or  11.2  percent;  in  places  of  15,000  to  75,000 
population,  $73,745,800,  or  12.7  percent;  in  places 
of  75,000  to  400,000  population,  $12,068,300,  or 
2.1  percent;  in  Chicago,  $321,482,500,  or  55.2 
percent. 

The  average  actual  tax  rates  on  general  property, 
per  $100  valuation,  were  as  follows:  Rural,  $2.81; 
incorporated  places  up  to  2,500  population,  $4.59; 
places  2,500  to  15,000  population,  $6.20;  places 
15,000  to  75,000  population,  $5.71;  places  75,000 
to  400,000  population,  $4.74;  Chicago,  $7.08. 

Rural  motor  vehicles  owners  paid  in  license  fees 
and  gasoline  taxes  an  average  of  $21.77;  those 
resident  in  places  up  to  2,500  population,  $25.81; 
in  places  2,500  to  15,000  population,  $28.19;  in 
places  15,000  to  75,000  population,  $30.31;  in 
places  75,000  to  400,000  population,  $21.53;  in 
Chicago,  $31.41. 


made  from  all  of  the  information  a\  a  i  la  hie  on  the  prem- 
ises, plus  general  information  obtained  by  interviewing 
the  officials. 

Encouraged  by  the  results  obtained  from  the  coun- 
ties, the  investigators  decided  to  attempt  a  simple 
financial  questionnaire  for  the  townships,  villages,  and 
minor  cities.  The  results  exceeded  expectations,  over 
1,000  good  replies  being  received.  These  for  the  mosl 
part  indicate  a  conscientious,  intelligent  ell'ort  on  the 
part  of  the  local  clerks  to  give  the  data  correctly. 
Through  averages  and  ratios  based  on  t  hese  replies,  a  cor- 
rect picture  of  the  minor 
local  Illinois  governmen- 
tal units  can  be  draw  n. 

To  obtain  figures  on 
such  matters  as  mileage 
traveled  by  motor  vehi- 
cles, gasoline  consumed, 
and  taxes  paid,  quest  ion- 
naires  were  sent  to  many 
i  liousands  of  motor  vehi- 
cle owners.  Additional 
data  were  secured  through 
analysis  of  a  large  sample 
of  car  registrations.  Fur- 
t  her  d  e  tail  s  on  these 
points  will  be  found  in  the 
section  on  "Motor-Vehicle 
Registration,  Taxes,  and 
Travel."     (See  p.  41.) 


Imposed  by — 

Amount 

Per- 
cent 

Per 
capita 

State       

1    227, 300 
208,900 
40,407,800 
22,32 

It,  M7H.700 

17,  140,200 

7,  180,600 

239,834,000 

23.  1 

7  - 
6.  '.i 
:;  8 
7  6 
8.  1 
1    2 
41.2 

$17.85 

County..  

5  92 

Townships 

30.07 

Places  up  to  2,500... 

34  28 

Places  .'.-I"'  to  1 5,000 

16.  11 

Places  1.". iidii  Pi  7">. 

42.  11 

Places  75.000  to  400.000 

Chicago ..   

71.03 

Total... 

107,100 

100  0 

76.  32 

TAXES  LEVIED  AND  INCIDENCE 
OK  TAXATION 

Table  2  gives  the  total 
taxes  levied  for  till  pur- 
poses in  Illinois  in  1930  by 
the  State  government,  t  be 
counties,  and  the  several 
classes  of  local  govern- 
ment unit.  The  impor- 
tance of  ( "hicago  in  the 
financial  set-up  of  the 
State  is  emphasized  bv 
the  fact  that  of  all  taxes 
levied  in  Illinois  in  1 930, 
4 1 .2  percent  w  ere  imposed 
by  the  city  of  ( 'hicago. 

Since  all  State  and  coun- 
ty imposts  and  taxes  are 
ultimately  paid  by  taxpayers  in  townships  and  incorpo- 
rated places,  the  amounts  shown  in  the  above  table  may 
be  restated  to  show  their  distribution  jis  ultimately  paid. 
This  distribution  is  shown  in  table  3.  Here  again  it  is 
found  that   55.2  percent   of  till  the  charges  in    1930  were 

levied  on  taxpayers  in  Chicago. 

Table  3.-    Inrnli  net  of  all  State  anil  local  charges  imposed  m  i 


Payable  by  taxpayei  -  in- 


Townships 

■      1,500  to  15,000 
Places  15,000  Pi  75,000 

a        ■  "oo  to  100, 

Total 


$71,51i 

38,0 

-  ;,  mo 

73,745,800 

12,11'  - 
321,  182,500 


582,  107.  loo 


12.3 

12.7 

2  1 


Per 
capita 


63.24 
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The  sources  of  total  Illinois  revenue  for  all  purposes 
in  1930  are  shown  in  table  4.  It  is  to  be  noted  that  in 
these  tabulations  there  have  been  included  both  the 
taxes  levied  but  not  fully  collected,  principally  general 
property  taxes;  and  taxes  actually  collected,  such  as 
motor-vehicle,  corporation,  inheritance,  and  other 
imposts.     (See  p.  45.) 

Table  4. — Sources  of  revenue  by  type  of  tax  or  revenue 


Type  of  tax 


Ail  valorem  general  taxes 

Ad  valorem  railroad  raxes 

Other  railroad  taxes.. 

State  motor-vehicle  imposts... 

Local  vehicle  imposts 

Other  local  imposts 

Inheritance  taxes — 

Insurance  taxes 

Corporation  imposts 

Miscellaneous  State  revenues 


Total. 


$427, 

31, 

2, 

If), 

4L 
12, 
6, 


317,600 
272,  400 
ITS, '.mo 
974,600 
174,500 
570,  I"" 
802,  100 
342,000 
088,600 
386,000 


582,407,  ion 


Per- 
cent 


73.4 

5.4 

.4 

8.  1 

1.2 

7.  1 


.4 
100.0 


Per 
capita 


$50.  00 

4.10 

.32 

6.  15 

.94 

5.45 

1.68 

.83 

.54 

.31 


76.32 


RECAPITULATION" 


General  propertj 

Railroad  taxes 

Motor-vehicle  imposts 

Other  local  receipts 

Other  State  receipts 


427,317,600 
33,751,300 
54,  149,  1110 
11,570,400 
25,618,700 


Total 582,407,  100 


73.4 
5.  8 
9.  3 

7.  1 
4.4 


100.  0 


$56.  00 
4.42 
7.09 
5.45 
3.36 


76.  32 


TAXATION  DATA  SUMMARIZED 


In  order  to  summarize  the  total  revenues  of  the  State 
as  shown  by  table  4,  another  distribution  of  these  rev- 
enues to  show  their  incidence  by  general  types  of  taxes 
and  by  classes  of  places  in  which  they  are  paid  is  given 
in  table  5.    The  item  "other  taxes"  includes  imposts  on 

Table  5. — Incidence  and  classification  of  all  taxes  levied  in  1930 


Payable  by  tax- 

General prop- 
ertj' taxes 

Imposts  on 
motor  vehicles  ' 

Other  taxes 

All  taxes 

payers  in— 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Places     up     'o 
2.500  . 

$56,  109,  700 

21,  203,  500 

41,953,700 

49,698,600 

8,  1ST,  2011 
249,804,900 

13.2 
5.0 

9.8 
11.6 

1.9 

58.  5 

$4,828,600 

7.  -'.V,,  1"" 

8,  543,  600 
9,900,300 

1,911,800 

21,7119,700 

8.9 

13.4 

15.8 

18.3 

;   j 
40,  1 

$10,277,800 
9,  4!)2,  70" 
15,085,800 

14,  140, '.It  10 

1,969,300 
49,967,900 

10.2 

9.4 
14.9 
14." 

2.  " 

49.  5 

100.0 

$71,510,  10" 

38,011,300 

65  583,  100 

73,745,800 

12,068,300 
321,  is'.',  .".on 

12.3 

6  5 

Places  2,51 i 

15,000 

Places  15,000  to 
75,000 

Places  75,000  to 
400,000 

Chicago. 

11.3 

12.6 

2.1 

55.  2 

100.0 

in"  0 

HI".  0 

Total 

127,317,011" 

73.4 

:,4.  149,  100 

9.3 

100,940,400 

17.3 

582,  1"7,  100 

III".  0 

Includes  license  fees.  $18,447,200;  gasoline  tax,  $28,246,700;  oil-inspection  fees, 
$280,700;  and  wheel  taxes,  $7,174,500.    (See  pp.  41  to  44  for  detailed  di  icussion.) 

railroad  property,  inheritance  taxes,  insurance  taxes, 
corporation  imposts,  and  miscellaneous  State  and  local 
imposts.  The  ad  valorem  railroad  taxes  should  prop- 
erly be  classified  under  general  property  taxes,  but  no 
break-down  was  available  on  this  item  taken  alone. 

Table  0  gives,  in  the  first  column  of  figures,  the  tax 
rates  per  $100  valuation  required  to  meet  the  total 
charges  levied  upon  general  property  in  each  of  the 
several  classes  of  local  government  unit.  For  purposes 
of  comparison,  the  second  column  gives  the  rates  which 
would  have  been  required  if  all  taxation  had  been 
levied  upon  general  property;  and  the  last  column  gives 


the  percentages  which  general  property  taxes  were  of  all 
levies. 

Table  6. — General  property  tax  rates  per  $100  valuation  in  1930, 
and  their  relation  to  the  total  of  all  imposts 


Unit  of  government  in  which  taxes 
were  payable 


Townships 

Places  up  to  2,500 

Places  2,500  to  15,000... 
Places  15.000  to  75,000  . 
Places  75,000  to  400,000. 
Chicago 

Average  for  State 


Actual  tax 
rate  on 
general 
property 
tax  as 
levied 


$2.81 
4.59 
6.20 
5.71 
4.74 
7.08 


5.54 


Tax  rate 
needed  to 
raise  all 
taxes  by 
general 
properl  y 
tax  levies 


$3.  56 
8.20 
9.69 
8.47 
6.98 
9.12 


.55 


Percentage 
that 
general 
property 
taxes  are  ot 
all  taxes 
and  im- 
posts 


78.9 
55.9 
64.0 
67.4 
67.8 
77.7 


73.4 


STREET    AND    HIGHWAY    REVENUES    OBTAINED    FROM    GENERAL 
PROPERTY  AND  MOTOR-VEHICLE  TAXES 

The  amount  of  $150,266,700  was  levied  in  the  State 
of  Illinois  in  1930  for  street  and  highway  purposes. 
Of  this  sum,  the  charges  imposed  directly  against  motor 
vehicles  and  their  owners  and  operators  was  somewhat 
over  one  third  of  the  total,  the  balance  being  charges 
against  property.     Table  7  shows  these  facts  in  detail. 

Table   7.- — Taxation   imposed   for   street   and   highway    purposes 

in  1930 


Type  of  tax 

Amount 

Per- 
cent 

Per 

capita 

On  general  property: 

County 

$7,  076,  200 

29,  122,  800 

56,  260,  200 

3,  658,  400 

4.7 
19.4 
37.4 

2.4 

$0.93 
3.81 

7.37 

.48 

Total 

90,  117,600 

63.9 

12.  59 

On  motor  vehicles: 

18,  447,  200 

28,  246,  70" 

280,  700 

7,  174,500 

12.3 

18.8 

2 

4^8 

2.42 

Fuel  tax.    -  .. . 

3.70 

Oil  inspection  fees 

.04 

.94 

Total 

54,  149,  100 

36.  1  J         7. 10 

150,  266,  700 

100.0 

19.69 

Table  8. — Incidence   of  taxes    imposed  for  street    and    highway 
purposes  in  1930,  classified  by  groups  of  places 


Payable  by  taxpayers  and  motor-vehicle  owners 


Townships 

Places  up  to  2,500 

Places  2,500  to  15,000.. 
Places  15,000  to  75,000. 
Places  75,000  to  400,000 
Chicago 

Total 


Amount 


$10,  990. '.ill" 
15,059,300 
21,  479,  300 
22,114,800 
3.  702,  800 
70,913,600 


150,  266,  700 


Per- 
cent 


11.3 
10.0 
14.3 
14.7 
2.5 
47.2 


100.0 


Per 

capita 


$12.65 
23.12 
22.62 
19.77 
19.40 
21.00 


19. 


Table  8  shows  the  distribution  of  the  street  and  high- 
way levies  as  amounts  paid  (or  payable)  by  taxpayers 
and  motor-vehicle  owners  in  the  several  classes  of  local 
government  unit.  The  amount  given  for  each  class  of 
place  is  the  sum  of  all  taxes  imposed  for  highway  pur- 
poses, including  local  privilege  taxes  and  portions  of  the 
local  general  property  tax  levies,  local  special  assess- 
ments, and  local  railroad  taxes  4;    that   portion   of   the 


<  Out  of  a  total  of  $31,272,400  in  local  railroad  taxes,  $3,658,400  were  levies  for  local 
roads  and  streets. 
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county  property  tuxes  allocated  to  the  communities  on 
the  basis  of  relative  property  values;  and  the  amount 
of  State  gasoline  and  vehicle  fees  contributed  by  motor 
vehicle  owners  in  these  groups  of  places  as  determined 
by  facts  ascertained  in  this  study. 

For  the  cities,  this  includes  the  contributions  for  local 
street  improvements  as  well  as  the  urban  share  of  the 
rural  highway  program.  The  same  facts  classified  by 
county  groups  instead  of  groups  of  places  are  shown  in 
table  9. 

Table  9. — Incidence  of  taxes  specifically  imposed  for  street  and 
highway  purposes  in  1930,  classified  by  groups  of  counties 


Paj  able  by  t  ixpaj  ers  and  motor-vehicle  owners 

in — 

Amount 

Per- 
cent 

Pei 

capita 

County  group: 

1 

$87,512,900 

29,  217,  100 

18, 888.  100 

12,057,800 

2,  590,800 

58.  2 
19.5 
12.6 
8.0 

1.7 

-ji  98 

2 _ --- 

17.61 

3                            .   .   - 

17.31 

4                                 ...   .   

16.  83 

5 _.- - 

1  1   27 

Total  .- 

150,266,  700 

100.0 

19  69 

MOTOR-VEHICLE  REGISTRATION,  TAXES,  AND  TRAVEL 

Registrations. — There  were  1,642,628  motor  vehicles 
of  all  types  registered  in  the  State  of  Illinois  in  1930,  or 
1  for  every  4.6  persons.  The  ratio  of  passenger  cars 
was  1  to  every  5.3  persons,  and  of  motor  trucks  and 
busses  1  to  every  37.1  persons. 

In  order  to  allocate  motor  vehicles  among  the  local 
units  of  government,  a  sample  of  50,000  motor-vehicle 
registrations  was  tabulated,  and  the  situs  of  vehicles 
whose  location  was  uncertain  was  verified  by  corre- 
spondence. On  the  basis  of  the  distribution  shown  by 
this  sample,  an  approximate  allocation  was  made,  by 
place  of  ownership,  of  all  registered  motor  vehicles, 
among  the  several  county  groups  and  the  classes  of  local 
unit.  This  distribution  is  shown  in  table  10.  The 
data  are  subdivided  between  passenger  automobiles  on 
the  one  hand  and  trucks  and  busses  on  the  other. 

Table    10. — Number    of   registered    automobiles    and    trucks    and 
busses  in  1930,  distributed  by  place  of  ownership  ' 


Place  of  ownership 

0> 
CO 

County  group 

0. 

a 

o 

o 

o 
o 
"la 

O    S 
S 

o 
5 
So 

ss 

5h 

o 

o 
|  o 

5 

5i 

o 

O 
u 

Group  1: 

5,134 
2,003 
7.  137 

36,509 
11,346 

17.  855 

59,761 

12.90(1 
72,  667 

59,  796 
]  1,661 
74,457 

15,605 

■i,  ins 

18,  523 

10,  268 
1,233 

11,. 501 

45,  649 
4,  M92 
50.641 

77.  930 
6,808 
84,  738 

92,671 
9,  197 

10'.'.  168 

24,  953 
2,763 
27,716 

35,  937 
4,161 
40,098 

77.  2S7 
8,  447 

-..   .  , 

87,348 

1 ; .  458 

MS,  .SUtl 

43,  170 

(1.1173 
19,843 

4,500 

368 

4,  868 

71,875 
6,010 

77,  885 

138,  579 
21,897 

1(10.77(1 

54,800 
7,356 

i.     12 
6,671 
54, 196 

447.  219 
63, 1144 
510,  863 

570,  133 

77,051 

647,  184 

145,     i 
53,  3.53 
399,  205 

279,  839 
38,  528 

195,637 
30,831 
226,  468 

6,049 

51,  107 

Trucks  and  busses.. . 
Total... 

39.  4 

Group  2: 

Trucks  and  busses... 
Total.. 

Group  3: 

Automobiles 

Trucks  and  busses... 
i  otal 

1''   1 

Group  i 

Automobiles 

Trucks  and  busses... 

Total 

13  8 

( Jtoup  5 

Automobiles ._ 

Trucks  and  busses... 

Total... 

Total  for  State: 

Automobile* 

Trucks  and  busses . . . 
Total 

176,805 

I  ;,  -,;i 
220,  639 

13.4 

251,471 
25,  293 
276,  764 

16.8 

248,  242 
31, 107 
279, 349 

17.0 

300,817 

18.4 

47,  525 

(1.(171 
54,  196 

3.  3 

447.219 
63,644 
510,  863 

31.1 

1.  136,816 

205,812 

1,642,628 

100  0 

87  5 
12.5 
100. 0 

Percentage  of  State 

1  The.  distribution  shown  in  (his  table  is  based  on  the  analysis  of  a  sample  of  50,000 
motor-vehicle  registrations. 


Registration  fees.  Total  license  fees  paid  in  L930 
amounted  to  $18,477,200.     Passenger  cars  paid  fees  of 

ss,  $12  Or  $-0,  depending  on  the  horsepow  er,  and  motor 
trucks  and  busses  paid  $10,  $12,  $35,  $75,  or  $250. 

The  total  cost  of  the  entire  motor-vehicle  depart- 
ment, including  the  licensing  division,  the  investigators' 
division,  and  the  chauffeurs'  licensing  division,  was 
$667,036,  which  averaged  41  cents  per  motor  vehicle 
registered.  The  .actual  cost  of  the  automobile  license 
department  alone,  without  its  allied  investigators'  and 
chauffeurs'  divisions,  was  $482,160,  or  20  cents  per 
vehicle  registered.  The  entire  cost  of  the  division  was 
3.6  percent  of  all  the  fees  collected,  and  the  cost  of  the 
automobile  license  department  alone  was  2.6  percent 
of  all  fees  collected. 

From  the  relationships  disclosed  by  the  sample  of 
50,000  vehicles,  it  was  possible  to  locate  motor-vehicle 
licenses  paid  by  places,  and  the  computations  were 
found  to  give  almost  exactly  the  same  totals  by  counties 
as  were  the  actual  amounts  reported  by  the  State  au- 
thorities as  having  been  paid  in  the  same  counties. 
Table  11  gives  total  registration  Ices  paid  and  amounts 

Table  11. — Motor-vehicle  registrations,  persons  per  vehicle,  and 
registration  fees  paid,  distributed  by  plan  of  ownership  among 
the  several  classes  of  local  government  unit 


Place  of  ownership 


Townships: 

Automobiles 

Trucks  and  busses 

Total.... 

Places  up  to  2,500: 

Automobiles 

Trucks  and  busses 

Total 

PI  ices  2,500  to  15,000: 

Automobiles 

Trucks  and  busses 

Total 

Places  15,000  to  75,000: 

Automobiles 

Trucks  and  busses 

Total 

Places  75,000  to  400,000 

Automobiles 

Trucks  and  busses 

Total 

Chicago: 

Automobiles 

Trucks  and  busses 
Total 

State  totals: 

Automobiles 

Trucks  and  busses 
Total 


Regis- 

Per- 

tration 

centage 

in 

nf 

1930 

total 

176,805 

i  12.  3 

43, 834 

i'  21.3 

220,639 

13.4 

251,471 

'  17.  5 

25,  293 

•  12.3 

276,764 

16.8 

Persons 

per 
vehicle 


248, 
31, 

27M, 

265, 
35, 
300, 

17, 
(1, 
54, 

117, 
63, 
510, 


1,436,816 

205,812 

1,642,628 


'  17.3 

2  15. 1 

17.0 

i  18.5 
-'  17.  1 

is.  4 

i  3.3 

■'  3.  2 

3.3 

i  31.  1 

2  31.0 
31.1 


87.  5 
12 

Hid  I) 


7.6 

10 

2  6 

25  7 
2.4 

3.8 

3.4 

4.2 
31 
3 

t.O 
28  6 

3.5 

7.  5 
53. 1 
(1  6 


5.  3 

37.  1 
i  fi 


Regis- 
tral  ion 

lees  in 
1M30 


Per 
centage 

of  Stale 

total 


$1,731,400 
555,800 

2.  2S7,  200 

2,77.-1,301) 

2,364,200 

690,500 

3,054,700 

2,650,900 

MOM.  100 

3,560,000 

193,300 
180,600 
673,900 

1,364,800 

1,731,300 
6,  096,  loo 


13,841,  loo 

1,606,  100 

is,  147,200 


i  12.  5 

2  12.  1 

12.4 

'  16.  1 
211.7 

15.  0 

i  17.1 
•'  15.0 

16.  li 

t  19.  2 

2  19.7 

19  3 

3  6 

3. 

i  31.5 

2  37.  (1 

33.  0 


75  0 

25.0 
100.0 


Pay- 
ments 

per 
vehicle 


1 2,  67 
10.37 

S.  SM 

21.30 
10.03 

9.  52 
22.  20 
10.94 

9.  99 
25.  7M 

li  83 

10.38 
27.09 
12   13 

M  76 
27  20 
1 1   93 


22  38 
11.23 


1  Percentage  ol  total  for  automobiles 

2  Percentage  of  total  for  trucks  and  busses 

per  vehicle,  distributed,  b\  place  of  ownership,  among 
the  several  classes  of  local  government  unit.  The  aver- 
age fee  paid  for  passenger  automobiles  was  $9.63;  for 
motor  trucks  and  busses,  $22.38;  and  the  average  for  all 
motor  vehicles  registered  was  si  1.23. 

It  will  be  observed  that,  while  the  average  license  fee 
paid  for  automobiles  does  not  vary  consistently,  the 
Ices  paid  for  trucks  and  busses,  as  well  as  the  avera 
for  all  motor  vehicles,  increase  fairly  steadily  as  the 
place  of  residence  becomes  more  urban.  Jt  is  also 
notable  that  trucks  and  bu>>c>.  which  constitute  only 
12.5  percent  of  the  registrations,  pav  _>:>  percent  of  the 
license  fee-. 

Mileagi  traveled  and  gasolint  consumption.  Data  on 
the  average  travel  .and  gasoline  consumption  by  Illinois 
trucks,  busses,  and  automobiles  in  1931  were  obtained 
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through  questionnaires  sent  to  20,000  motor  vehicle 
owners  in  the  State.  As  the  questionnaire  survey  was 
conducted  in  1932,  it  was  impossible  to  expect  motor 
vehicle  owners  to  respond  intelligently  to  requests  for 
information  covering;  the  operation  of  their  cars  for  any 
period  except  the  year  immediately  preceding.  For 
this  reason  the  year  1931  was  chosen,  rather  than  1930, 
which  was  the  year  covered  by  the  financial  survey. 
The  sample  was  carefully  selected  to  obtain  a  distribu- 
tion in  proportion  to  the  motor-vehicle  ownership  of  the 
various  places,  and  every  check  indicates  that  a  fair 
cross  section  was  received.  Usable  replies  were  received 
from  7,150  owners. 

The  average  mileage  traveled  and  the  average  gaso- 
line consumption  by  Illinois  motor  vehicles  in  1931  are 
summarized  in  table  12.  Ownership  of  the  vehicles  is 
classified  according  to  place  of  residence  of  the  owner. 
No  attempt  was  made  to  obtain  data  as  to  the  classifica- 
tion of  the  roads  and  streets  on  which  this  travel  was  per- 
formed. The  facts  summarized  below  were  determined 
by  questionnaire  methods. 


Table  12.- 


Average  miles  traveled  and  average  gasoline  consump- 
tion in  1931,  by  place  of  ownership 


Xuniber  of   re- 

Average gaso- 

A  \  erage  miles 

ports  tabulated 

tion 

traveled 

Place  of  ownership 

0> 

T3 

I 

<ZJ 

0 

Vj 

£ 

0 

ft 
o 

a%, 

2 

'2 
o 

C3  W 
0^ 

^ 

£1 

*% 

s 

V 

a 

■8  3 

Oi 

| 

> 

■2D 

< 

;- 

•< 

H 

"s 

< 

— 

< 

Gal- 

Gal- 

Gal- 

lons 

lons 

lons 

1,040 

82 

1    122 

125 

525 

43'' 

6  71)1) 

II  761 

6  713 

Places  up  to  2,500 

1,030 

92 

1,122 

567 

997 

603 

8,651 

1(1,  154 

8,  775 

Places  2,500  10  15,000 

1,242 

59 

1,301 

644 

SSI 

655 

9  229 

9,  998 

9,  264 

Places  15,000  to  75.000 

1,27s 

85 

1,363 

(172 

987     691 

9,  174 

9,204 

9,  176 

Places  75,000  to  100,000 

173 

16 

189 

701 

982 

725 

9,070 

8,502 

,  ir_,_, 

1,881 

172 

2,053 

666 

1,500 

736 

8,546 

9,  285 

8,608 

State  totals  and  aver- 

506 

7.  150 

(ill 

1,076 

644 

s.  537 

9,079 

s,  575 

Table  13, 


Further  analysis  of  mileage  and  gasoline  consump- 
tion, showing  details  of  travel  by  groups  of  counties  and 
by  the  two  principal  classes  of  motor  vehicles,  is  given 
in  table  13.  The  average  passenger-car  mileage  for  the 
State  as  a  whole  is  shown  to  be  8,537  miles,  with  an 
average  of  611  gallons  of  gasoline  consumed. 

Motor  trucks  and  busses  as  a  whole,  in  both  urban 
and  rural  districts,  traveled  a  slightly  higher  mileage 
than  was  the  case  with  passenger  automobiles.  More 
significant  is  the  fact  that  the  average  automobile  con- 
sumed only  60  percent  as  much  gasoline  as  was  the 
average  for  trucks  and  busses.  In  the  city  of  Chicago 
the  gasoline  consumption  of  trucks  and  busses  was 
about  two  and  one  half  times  that  of  the  average  car. 

No  information  was  obtained  as  to  the  respective  use 
of  automobiles  for  business  or  pleasure  purposes,  or  on 
the  extent  of  travel  outside  of  the  State  of  Illinois. 

From  the  facts  ascertained  by  this  study  as  to  the 
location  of  motor  vehicles,  average  miles  traveled  per 
vehicle,  and  the  average  gasoline  consumption,  it  was 
possible  to  compute  the  total  miles  traveled  in  the 
State,  and  the  total  gasoline  consumption.  Some  of 
these  computations,  which,  of  course,  are  only  the 
most  accurate  approximations  which  can  be  made  with 
the  material  available,  tire  presented  in  table  14. 
Total  mileage  and  gasoline  consumption  data  are  given 
for  automobiles  and  for  trucks  and  busses  owned  in 
each  of  the  classes  of  local  governmental  unit. 


-il  lot  or -vehicle  travel  in  1931  by  place  of  ownership  in 
the  5  groups  of  counties  ' 


Item 


Travel  by  automobiles: 

Average  mileage  traveled  by  auto- 
mobiles owned  in: 

Townships _. 

Places  up  to  2,500 

Places  2.500  to  15.000 

Places  15,000  to  75,000 

Places  75,000  to  400,000 

Chicago. .._ 

Total 

Average  gallons  of  gasoline   con- 
sumed  

Travel  by  motor  trucks  and  busses: 
Average  mileage  traveled  by  motor 
trucks  owned  in: 

Townships 

Places  up  to  2,500. .. 

Places  2,500  to  15.000 

Places  15,000  to  75.000 

Places  75,000  to  400.000 

C  hicago 

Total 

Average  gallons  of  gasoline  con- 
sumed   

Travel  by  all  motor  vehicles: 

Average  mileage  traveled  by  motor 
vehicles  owned  in: 

Townships 

Places  up  to  2,500 

Places  2,500  to  15,000 

Places  15,000  to  75,000 

Places  75,000  to  400.000 

Chicago.  _ _. 

Total 

Average  gallons  of  gasoline  con- 
sumed.   


County  group 


7, 733 
8,  '.154 
9,414 
8,560 


8,  54(1 
8,  632 


663 


s,  41(1 

7,  257 

8,  333 
5,264 


II.  2S.-, 


1,375 


7.71)1 
8,791 

9.402 

v.  It:; 


7,621 

s.  865 
9.171 
',1,23s 
9,  070 


,  S5S 
634 


8,  464 
7,531 
10,952 
10,089 

8,502 


9,351 
923 


7,704 
8,754 
1),  290 
9,  30(1 
9,022 


,896 
657 


6,  447 
s,  651 
8,961 


,493 
560 


C,  (131 
13,  907 
7,071 
9,970 


9,  606 
850 


6,  422 

1),  (125 
8,884 
9,931 


,562 
578 


6,052 

8,  541 
',),  597 


7,  986 
510 


4,  057 
9,066 
12,  166 


8,417 

787 


5,  Will 
s.  585 
9,  737 


8,016 
529 


State 
totals 
and 
aver- 
ages 


6, 052 
8,368 

s.  7(11 


7,180 
476 


4,743 
12,096 
10.480 


9,137 
991 


5,  972 
8,750 


,344 
519 


6,  709 
8,651 

9,229 
9, 174 

9,070 
8,546 
8,537 

(ill 


6,  761 
10.  154 
9.998 
9,  204 
8,502 
9.285 
9,079 

1,076 


6,  713 

8,775 
9,  264 
9,176 
9,  022 

s.l, OS 

8,575 
644 


1  This  table  shows  the  variation  in  the  mileage  and  gasoline  consumption  in  the 
several  groups  of  counties  as  indicated  by  the  highway  questionnaire  sent  out  and 
tabulated  during  this  survey. 

Table  14. — Mileage  traveled,  gasoline  consumption,  and  gasoline- 
tax  payments  by  automobiles  and  by  trucks  and  busses,  dis- 
tributed by  place  of  ownership 


Place  of  ownership 

Registra- 
tions in 
1930 

Total 
travel 

Per- 
cent- 
age 
of 
total 

Total 
gasoline 
con- 
sump- 
tion 

Total 
gasoline 

tax  paid 

Per- 
cent- 
age 

of 
total 

Aver- 
age 
per 
ve- 
hicle 

Townships: 

Automobiles...   

Trucks  and  busses 

Total 

176,805 

43,  834 
220,  639 

251,471 
25,  293 
276,  764 

248,242 

31,107 
279,  349 

265,  554 
35,  263 

300,817 

47,  525 

(1,(171 

54, 196 

447,219 
63,  644 
510,863 

Mil- 
lions of 
vehicle- 
miles 

1,  ISO    .' 

296.4 
1,482.6 

2,  175.5 
256.8 

2,  432.  3 

2,291.0 

311.0 

2,602.0 

2,  436.  2 
324.  6 

2,  760.  8 

431.1 

56.7 

487.8 

3,  821, '.) 
590.9 

4,412.8 

10.5 
17.2 
18.3 
19.5 
3.4 
31.  1 

Thou- 
sands oj 

gallo7)s 
75, 142 
23,  013 
98, 155 

142,  584 
25,  217 
167, 801 

159,868 
27,  404 
187,  272 

ITS.  452 
34,  805 
213,  257 

33,  315 

6,  551 

39,  866 

297,848 

95, 466 
393,  314 

$1,926,400 

590,  000 

2,516,400 

3,711.300 

656   100 

4,  367,  700 

4,114,300 
705, 300 

4,  819,  600 

4,651,200 

'.((17.  100 

5,  558,  300 

864,  900 

171).  100 

1,035,000 

7,534,701 

2,  115,  mil 
9, 949,  700 

8.9 
15.5 

"iT.'i 

19.  6 

"""3.7 
"_35."  2 

$10.  90 
13.  46 
11.41 

Places  up  to  2,500: 

14  76 

Trucks  and  busses 

Total    

25.  95 
15.78 

Places  2,500  to  15,000: 

16.  57 

Trucks  and  busses    . . . 
Total   

22.67 
17.  25 

Places  15,000  to  75,000: 

17.52 

Trucks  and  busses 

Total   _  

25.  72 
18.48 

Places  7 -,,(iiio  I,,  iiiihiiio 

is  2(1 

Trucks  and  busses 

Total     

19.  10 

Chicago: 

16.85 

Trucks  and  busses 

Total       

37.95 
19.48 

State  total 

Automobiles 

Trucks  and  busses 

1.436.816 
205,812 

12,341.9 
1,836,4 

87.0 
13.0 

,.87.209 
212,456 

22, 802, 800 
5,  443,  900 

80.7 
19.3 

15.87 
26.45 

Total _ 

1,  642,  628 

14,  178.  3 

100.0 

1,  099,  665  28.  246.  700 

100.0 

17.20 

The  gasoline  tax. — The  total  (net  after  refunds) 
gasoline  tax  paid  (at  the  1930  tax  rate  of  3  cents  per 
gallon)  was  $28,246,700.  The  cost  of  collecting  this 
tax  and  making  the  refunds  was  $79,805,  or  $2.83  per 
$1,000  collected. 
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Table  15. 


Averagt  and  total  payments  of  motor  vekich  fees  and  gasoline  taxes  by  owners  of  motor  vehicles  in  Illinois  in   1930, 

iributed  according  to  place  of  ownership 


Place  i>f  ownership 


Townships      

Places  up  to  2,500 

II  ici     2,500  to  15,000 

Places  15,000  to  75,000 

Places  75,000  to  400, 00(1 

Chicago _ 

State  totals  and  averages 


Paj  merits  pei  vehicle 

Registra- 

Gasoline 

Total 

tion  fees 

tax 

$10.37 

$11.  41 

$21 

7S 

10.03 

15.  7S 

25 

M 

10.  94 

17.25 

28 

19 

11.83 

18.  48 

30 

31 

12.43 

19.  10 

31. 

;,;■; 

11.93 

19   18 

31. 

11 

11.23 

17.20 

28. 

1 

Total  paj  im.-i 1 1 


Registration 

fees 


In  addition  to  data  on  mileage  and  gasoline  con- 
sumption table  14  also  gives  the  total  payments  of 
gasoline  tax,  and  the  payments  per  vehicle.  The 
amounts  given  as  gasoline-tax  payments  do  not  equal 
the  gallonage  consumed  multiplied  by  the  tax  of  3 
cents  per  gallon.  The  reason  for  this  apparent  dis- 
crepancy is  that  the  figures  as  to  gallonage,  average 
mileage,  etc.,  are  those  obtained  from  the  1931  question- 
naire; while  the  average  tax  paid  is  the  actual  net 
1930  tax  collected,  apportioned  on  the  basis  of  the 
facts  as  to  allocation  determined  by  this  study.  It  is 
evident  that  there  should  be  no  great  change  between 
one  year  and  the  next  in  the  proportionate  amount  of 
travel  in  the  various  groups  of  places,  and  the  figures 
as  given  are,  therefore,  regarded  as  representative. 

As  shown  in  table  14,  the  average  gasoline  tax  paid 
by  automobiles  was  $15.87;  that  paid  by  trucks  and 
blisses  was  $26.45.  The  average  for  all  motor  vehicles 
was  $17.20.  The  amount  of  gasoline  tax  paid  per 
vehicle  increases  rather  steadily  as  the  place  of  resi- 
dence becomes  more  urban,  township  vehicles  paying- 
only  $11.41,  while  Chicago  vehicles  paid  $19.48. 

It  will  be  observed  that  trucks  and  busses,  which 
contributed  only  13.0  percent  of  the  traffic,  paid  19.3 
percent  of  the  gasoline  taxes. 

The  proceeds  of  the  gasoline  tax  are  used  entirely  for 
State  and  county  highway  programs.  Two  thirds  of 
the  tax  is  retained  by  the  State  and  the  balance  returned 
to  the  counties.  The  county  share  of  the  gasoline  tax 
may  be  used  either  on  current  highway  programs  or  for 
the  retirement  of  bonds.  The  payment  of  the  allot- 
ments to  counties  is  under  the  jurisdiction  of  the 
Illinois  Division  of  Highways.  Counties  cannot  receive 
their  allotments  until  complete  plans  for  the  disposition 
of  these  funds  have  been  submitted  to  the  Division  of 
Highways  and  approved  by  it. 

TOTAL  MOTOR-VEHICLE  PAYMENTS  SHOWN 

The  distribution,  according  to  place  of  ownership,  of 
all  registration  fees  and  gasoline  taxes  paid  by  owners 
of  motor  vehicles  is  shown  in  table  15.  Both  total  and 
per-vehicle  figures  are  given.  In  addition  to  the  license 
fees  and  the  gasoline  tax,  the  .State  imposes  an  "oil- 
inspection  fee"  at  the  rate  of  1  cent  per  100  gallons: 
and  various  municipalities  impose  privilege  taxes,  which 
are  known  as  "wheel  taxes",  upon  motor  vehicles. 
These  payments  are  also  shown;  so  that  table  ]f>  gives 
the  total  af  all  imposts  upon  motor  vehicles  and  their 
use  in  Illinois  in  1930. 

DATA  ON  MOTOR-VEHICLE  TAXES  AND  TRAVEL  SUMMARIZKI) 

Tables  16  and  17  summarize  the  relationships  between 
population,    vehicles    registered,    registration    fees    and 
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Tarle  16. — Percentage  comparison  of  the  several  classes  of  local 
government  unit  os  to  population,  motor  vehicles  registered, 
motor-vehicle  taxes  paid,  and  share  of  told  Stale  traffic  contrib- 
uted by  vehicles  owned  in  these  places 
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i  Includes  oil-inspection  fees  and  wheel  taxes. 

Table  17. — Percentage  comparison  of  tin  several  groups  of 
counties  as  to  population,  mo/or  vehicle-;  registered,  ami  motor- 
vehicle  taxes  fin  nl 
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gasoline  taxes  paid,  and  traffic,  which  have  been  brought 
out  in  the  preceding  paragraphs.  Table  16  shows 
comparisons  between  the  various  classes  of  local  govern- 
ment unit;  in  table  17  the  groups  of  counties  tire  com- 
pared. 

From  these  tables  and  those  previously  given  the 
following  conclusions  have  been  derived: 

1.  The  townships,  with  17.61  percent  of  the  popula- 
tion, contained  13.4  percent  of  the  registered  motor 
vehicles;  motor-vehicle  owners  in  the  townships  paid 
10.3  percent  of  the  motor-vehicle  registration  fees  and 
gasoline  taxes  and  contributed  10.5  percent  of  the  total 
traffic  of  Illinois  vehicles. 

2.  Incorporated  places  other  than  ( Chicago,  with  38. 14 
percent  of  the  population,  contained  55.5  percent  of  the 
registered  motor  vehicles;  motor-vehicle  owners  in  these 
places  paid  55.4  percent  of  the  motor-vehicle  registra- 
tion lees  and  gasoline  taxes,  and  contributed  58.4  per- 
cent of  the  total  traffic  of  Illinois  vehicles. 

3.  Chicago,  with  44.25  percent  of  the  population, 
contained  31.1  percent  of  the  registered  motor  vehicles; 
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motor-vehicle  owners  in  Chicago  paid  34.3  percent  of  the 
motor-vehicle  registration  fees  and  gasoline  taxes  and 
contributed  31.1  percent  of  the  traffic  of  Illinois  vehicles. 

4.  Of  all  imposts  on  motor  vehicles,  the  owners  of 
motor  vehicles  in  the  townships  paid  S.9  percent; 
those  in  incorporated  places  other  than  Chicago  paid 
51.0  percent;  and  those  in  Chicago  paid  40.1  percent. 

5.  The  average  registration  fee  paid  was  $11.23;  the 
average  gasoline  tax  payment,  $17.20;  the  total,  $2S.43. 
Both  registration  fees  and  gasoline  tax  payments  were 
found  to  increase  as  the  place  of  residence  becomes 
more  urban. 

6.  The  average  registration  fee  paid  by  passenger 
automobiles  was  $9.63;  by  trucks  and  busses,  $22.38. 
The  average  gasoline-tax  payments  by  passenger 
automobiles  were  $15. S7;  by  trucks  and  busses,  $20.45. 
Thus  the  average  payments  in  registration  fees  and 
gasoline  taxes  were:  passenger  automobiles,  $25.50; 
trucks  and  busses,  $48.83. 

7.  The  owners  of  motor  trucks  and  busses,  which 
constituted  12.5  percent  of  the  total  registrations  and 
contributed  13  percent  of  the  total  traffic  of  Illinois 
vehicles,  paid  25  percent  of  the  registration  fees  and 
19.3  percent  of  the  gasoline  taxes. 

SPECUL     ASSESSMENTS     AND     THEIR     PLACE    IN     THE     HIGHWAY 
PROGRAM 

In  Illinois  as  in  many  other  States,  in  cities  and  in 
municipal  communities,  streets  and  other  public  im- 
provements are  largely  financed  through  special  assess- 
ments. In  Illinois  cities  in  1930,  special  assessments 
collected  for  highway  purposes  totaled  $56,260,200. 
At  least  $50,000,000  of  special-assessment  highway- 
improvement  bonds  were  issued.  Practically  all  the 
costs  of  paving  streets  in  cities  of  10,000  and  over,  and 
also  in  many  places  smaller  than  this,  are  met  through 
special  assessments. 

The  special  assessment  obligations,  not  being  a  part 
of  the  cities'  financial  affiairs,  arc  not  treated  as  a 
part  of  urban  debt,  and  hence,  are  not  subject  to  the 
salutary  effects  of  debt  limitation  statutes.  This 
makes  possible  such  situations  as  exist,  for  example,  in 
Niles  Center,  an  Illinois  city  of  5,007  persons,  having 
a  special  assessment  debt  outstanding  of  $10,208,900, 
or  over  $2,000  for  every  man,  woman,  and  child  in  the 
city.  Or,  as  an  extreme  case,  the  village  of  West- 
chester, a  subdivision  in  Cook  County,  with  a  popula- 
tion of  358  persons,  has  an  assessed  value  of  $2,369,200 
and  special-assessment  obligations  outstanding  of 
$3,375,577,  or  nearly  $10,000^ per  capita.  While' this 
is  exceptional,  there  are  many  Illinois  cities  which  have 
special-assessment  obligations  outstanding  of  from  10 
to  50  percent  of  their  assessed  valuation.  For  example, 
Lombard,  in  Du  Page  County,  with  an  assessed  valua- 
tion of  $4,812,900,  had  outstanding  special  assessment 
obligations  of  approximately  $2,750,000,  or  about  $450 
per  capita.  Villa  Park,  in  Du  Page  County,  with  a 
population  of  6,220  and  an  assessed  valuation  of  $4,533,- 
900,  had  outstanding  special  assessment  obligations  of 
about  $4,000,000. 

So  far  as  is  possible,  these  expenditures  and  receipts 
and  debts  have  been  assembled  in  this  study.  The 
highway  expenditures  include  all  of  the  public  payments 
in  Illinois  for  roads  and  streets,  including  those  financed 
through  special  assessments. 

With  the  exception  of  the  Illinois  Central  charter 
line  system,  railroads  pay  upon  the  property  allocated 
by  the  tax  commission  to   the  community   the  same 


taxes  as  are  charged  against  other  property  in  the 
community.  This  caused  them  to  contribute  in  1930 
$3,658,400  toward  the  local  highway  program. 

Many  Illinois  cities  charge  wheel  taxes,  usually  from 
$3  to  $5  per  vehicle,  for  the  use  of  streets.  Occasion- 
ally revenues  are  derived  from  franchises  for  the  use  of 
certain  streets  by  utilities.  Illinois  urban  communities 
derived  $7,174,500  from  these  sources  within  the  year, 
of  which  $5,565,000  was  in  the  city  of  Chicago. 

While  motor  vehicles  in  Illinois  are  subject  to  the 
personal-property  tax,  the  lax  administration  of  the 
law  makes  these  taxes  more  of  a  theory  than  a  fact. 
Probably  more  cars  are  omitted  than  are  assessed,  and 
those  which  are  listed  usually  are  valued  at  nomi- 
nal amounts.  No  reasonably  accurate  figures  as  to 
this  tax  could  be  obtained  without  an  unwarranted 
expenditure. 

BONDED  INDEBTEDNESS 

All  units  of  Government  in  Illinois  may  bond.  At 
the  end  of  1930  the  total  outstanding  funded  debt  of 
the  State  and  its  subdivisions  was  $959,238,400,  and 
of  this  amount  $424,722,300,  or  44.3  percent,  was  in- 
curred for  streets  and  highways.  The  remainder  was 
distributed  as  follows:  8.6  percent  for  education,  43.5 
percent  for  the  protection  of  persons  and  property,  and 
3.6  percent  for  Government.  In  addition  to  the  fund- 
ed debt  mentioned  above,  there  were  temporary  bor- 
rowings outstanding  of  the  city  of  Chicago  of  $259,- 
013,000,  which  in  all  probabhty  will  be  eventually 
funded. 

The  State  indebtedness  stood  at  $200,462,000,  or  a 
little  over  one  fifth  of  the  total  public  funded  indebted- 
ness, and  of  this  sum  $148,010,000,  or  73.8  percent,  was 
incurred  for  the  financing  of  highways.  This  is  a  self- 
liquidating  debt  now  in  the  process  of  retirement,  cer- 
tain specific  motor-vehicle  receipts  being  set  aside  for 
this  purpose. 

It  may  be  explained  that  the  purpose  in  creating  a 
State  highway  system  was  to  construct  as  rapidly  as 
possible  a  10,000-mile  system  of  highly  developed 
roads  which  would  be  planned  to  serve  the  transpor- 
tation needs  of  the  State  and  would  be  developed  and 
maintained  in  an  intelligent  manner.  The  entire  proj- 
ect was  to  be  controlled  by  the  State,  and,  with  the 
exception  of  Federal-aid  appropriations,  financed  by 
the  State. 

At  the  outset  this  system  was  financed  through  bond 
issues,  the  first  issue  being  one  of  $60,000,000  authorized 
in  1918,  and  a  second  of  $1 00,000,000  authorized  in  1924. 
Of  the  total  bond  issues  authorized  of  $160,000,000, 
$158,000,000  were  sold.  These  bonds  are  now  being 
retired.  Forty-eight  hundred  miles  of  the  State  primary 
system  were  provided  for  by  the  first  bond  issue  of 
*V>0,000,000,and  5,000  miles  additional  by  the  $100,000,000 
program.  The  last  of  the  bond-issue  money,  amounting 
to  $2,047,000,  was  expended  in  1930. 

The  county  indebtedness  was  comparatively  small, 
consisting  of  $49,990,000  for  Cook  County,  and 
$10,498,900  for  all  of  the  other  counties  in  the  State, 
only  20  of  the  102  counties  having  any  bonded  indebted- 
ness whatever.  Of  this  county  indebtedness,  the  major 
portion  is  for  the  highway  program. 

Municipalities  had  a  total  indebtedness  of  $673,157, 
100,  by  far  the  greater  portion  of  this  being  in  the  form 
of  special  assessment  bonds. 

Townships  had  an  indebtedness  of  $25,130,400  which, 
outside   of  school-district  obligations,  was  practically 
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entirely  for  township  roads  and  was  distributed  widely 
throughout  the  State. 

The  total  bonds  outstanding  on  December  31,  1930 
($959,238,400)  were  12.4  percent  of  the  assessed  valu- 
ation of  the  State,  and  the  per  capita  indebtedness  was 
$125.71.  The  per  capita  cost  of  all  debt  service  in  1  930 
was  $15.42. 

DEBT  SERVICE 

Debt  service  consists  of  the  interest  and  principal 
payments  on  indebtedness.  In  Illinois  in  1930  the 
total  debt-service  payments  were  $117,580,400,  of 
which  $53,929,100,  or  45.9  percent,  were  for  highways; 
$8,308,600,  or  7.1  percent,  for  education;  $53,318,700, 
or  45.3  percent,  for  public  benefit;  and  $2,030,000,  or 
1.7  percent,  for  government. 

With  the  exception  of  State  payments,  as  a  general 
rule  about  two  thirds  of  the  debt  service  consisted  of 
interest  payments  and  the  balance,  principal.  De- 
tails are  shown  in  table  18. 

While  per  capita  debt  figures  are  given,  in  considering 
such  figures  caution  should  be  observed.     Wide  variance 
in  local  conditions  prevents 
a    general    average    from 
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having  any  great  signifi- 
cance. It  is  possible  that 
the  debt  presentation  is 
not  entirely  complete.  The 
major  portion  of  the  mu- 
nicipal indebtedness  is  in 
the  form  of  special-assess- 
ment obligations,  the  rec- 
ords as  to  which  are  in 
extremely  poor  condition 
and  difficult  of  access.  The 
same  condition  is  found 
with  respect  to  the  town- 
ship obligations.  Every 
reasonable  effort  has  been 
used  to  obtain  complete 
information  as  to  indebted- 
ness. It  is  believed  that 
the  percentage  of  the  total 
which  may  have  been  omit- 
ted is  extremely  small. 


ILLINOIS  EXPENDITURES  IN  1930 

The  total  expenditures  for  all  purposes  (exclu- 
sive of  principal  payments  on  bonds  and  loans)  by 
all  units  of  Government  in  Illinois  in  1930  were 
$551,249,500,  of  which  $166,298,900  was  expended 
for  highways  and  streets,  $167,599,300  for  edu- 
cation, $188,307,900  for  public  benefit,  and  $29,- 
043,400  for  other  governmental  purposes. 

Expenditures  by  the  State  were  $91,079,500;  by 
the  counties,  $56,310,600;  by  Chicago,  $245,989,- 
600;  by  other  incorporated  places,  $120,479,200; 
by  the  townships,  $37,390,600. 

Of  the  total  expenditures,  19.4  percent  was 
made  in  rural  areas  (townships) ;  5.9  percent  in 
incorporated  places  having  a  population  up  to 
2,500;  9.9  percent  in  places  of  2,500  to  15,000 
population;  10.8  percent  in  places  of  15,000  to 
75,000  population;  1.8  percent  in  places  of  75,000 
to  400,000  population;  and  52.2  percent  in  Chicago. 


GENERAL  EXPENDITURES  ANALYZED 

The  total  of  all  public  charges  levied  against  persons 
and  property  in  Illinois  for  collection  in  the  year  1930 
was  $582,407,100,  or  $76.32  per  capita.  The  total  of 
all  expenditures  for  the  same  vear  was  $551,249,500, 
of  which  amount  $166,298,900',  or  30.1  percent,  was 
expended  for  highways;  $167,599,300  or  30.4  percent, 
for  education;  $188,307,900,  or  34.2  percent,  for  public 
benefit  and  protection;  and  $29,043,400,  or  5.3  percent, 
for  government. 

These  expenditures  include  $40,864,300  in  interest 
payments  on  funded  indebtedness,  as  well  as  interest 
on  the  short-term  borrowings  of  municipalities.  The 
principal  payments  of  $76,722,100  are  not  included, 
as  they  represent  repayments  of  funds  charged  as 
expenditures  in  previous  years. 

There  can  be  no  exact  agreement  between  receipts 
and  expenditures.  In  the  first  place  the  amounts  shown 
as  taxes  are  the  amounts  levied.  Eventually,  practi- 
cally all  of  these  sums  undoubtedly  will  be  collected. 
For  any  one  particular  calendar  year,  however,  il  is 
possible  that  comparatively  large  sums  may   remain 
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delinquent.  Furthermore,  tax  levies  and  expenditures 
can  never  agree  because  of  a  difference  in  the  time 
element.  Taxes  are  levied  to  meet  anticipated  expend- 
itures and  also  to  defray  costs  which  have  been  incurred 
in  the  past  and  defrayed  through  revenues  received 
from  the  sale  of  securities  and  other  borrowings. 
Expenditures  are  made  out  of  funds  received  from 
current  taxes,  from  surpluses,  from  balances  on  hand, 
and  from  borrowings. 

Where  old  indebtedness  is   being  retired    and  com- 
paratively   few    new    obligations    are    incurred,    taxes 

will  normally  exceed  ex- 
penditures. Where  cur- 
rent work  is  to  a  consider- 
able extent  financed 
through  borrowings,  then 
expenditures  will  exceed 
taxes. 

Table  19  itemizes  the 
actual  expenditures  by 
units  of  Government  with 
a  per  capita  distribution 
of  expenditures  for  the 
four  major  governmental 
purposes. 

The  various  govern- 
mental agencies  of  the  Stat  e 
perform  various  functions 
of  public  service.  The  State 
assumes  the  support  of  the 
through  State  highway  sys- 
tem. This  item  and  public 
benefit  are  major  items  of 
State  expenditures.  The 
public  benefits  adminis- 
tered by  the  State  are  correctional  and  public  health 
institutions  for  the  treatment  of  persons  from  all  parts 
of  the  State;  relief  of  catastrophes,  such  as  droughts, 
Hoods,  and  wars;  and  State  regulatory  and  conserva- 
tion bodies.     The  educational  activities  of  the   State 

Table  19. —  Total  expenditures  in  1930  by  the  State,  the  counties, 
and  the  local  units  of  government;  and  per  capita  expenditures 
by  purpose 
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ment 
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56,310,600 

16.5 
10.  2 
6.8 
4.2 
7.8 
8.5 
1.4 
44.6 

$5.  30 

2.21 
6  65 
7.13 
9.  16 
8. 02 
10.05 
22.  47 

$1.32 

.02 

19.20 

17.  W 

21 .  35 
20 

10.03 
21.75 

3.  79 
1.03 

8.99 

12.  75 
11.42 

13.  09 
26.10 

$0.52 
1.36 
.80 
1.93 
1.73 
1.75 
.90 
2.53 

$11.94 

7.38 

Townships.-  

Places  up  to  2,500 

Places  2,500  to  15,000 

Places  15,000  to  75,000 

Places  75,000  to  400,000 

Chicago. 

23,  404,  300 
42,727,400 
40,701,000 
7,  646,  500 
245,989,600 

35.94 
44.99 

41.75 
40.07 
72.  85 

Total 

551,249,500  1  100.0 

21.79 

21.96 

24.68 

3.81 

72.24 
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Table  20. — Percentage  relationships  of  expenditures  by  units  of  Government  and  by  purpose 


Percentages  of  expenditures  of  the  units  of  Gov- 
ernment for  the  purposes  indicated 

Percentages  of  the  total  expenditure  for  each  pur- 
pose made  by  each  unit  of  Government 

Expended  by- 

High- 
ways and 
streets 

Educa- 
tion 

Public 
benefit 

Govern- 
ment 

All  pur- 
poses 

High- 
ways and 
streets 

Educa- 
tion 

Public 
benefit 

Govern- 
ment 

All  pur- 
poses 

44.4 

29.  9 
23. 9 
19.  8 
20.4 
19.2 
25.  1 

30.  8 

11.1 
.3 
69.3 
49.8 
47.5 
49.2 
40.0 
29.9 

40.2 
51.4 
3.7 
25.0 
28.3 
27.4 
32.7 
35.8 

4.3 
18.4 
3.1 
5.4 
3.8 
4.2 
2.2 
3.5 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

24.3 
10.  1 
5.4 
2.8 
5.2 
5.4 
1.2 
45.6 

6.0 
.1 

15.5 
7.0 

12.  1 

13.7 
1.8 

43.8 

19.5 

15.4 

.7 

3.1 

fi.  4 

6.8 

1.3 

46.8 

13.6 
35.7 
4.0 
4.3 
5.7 
6.7 
.6 
29.4 

16.5 

10.2 

6.8 

4.2 

Places  2,500  to  15.000                                 ...  .          ...  .-  

7.8 

Places  15  000  to  75,000                                       -     -- 

8.5 

Places  75,000  to  400,000                         -  - 

1.4 

44.6 

Total                            ..-   

30.  1 

30.4 

34.2 

5.3 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

are  primarily  the  conduct  of  institutions  of  higher  learn- 
ing. Under  the  heading  "Government"  are  included 
the  primary  executive  and  administrative  charges  of 
the  various  units. 

A  general  distribution  of  expenditures  under  the  four 
heads  and  by  various  units  of  government,  expressed 
in  percentages,  is  conveniently  shown  in  table  20. 

The  distribution  of  expenditures  according  to  the 
classes  of  local  unit  in  which  they  were  made  is  shown, 
in  per  capita  form,  in  table  21. 

Table  21. — Per  capita  expeyidiiures  by  purpose  and  by  classes  of 
local  unit  in  which  the  expenditures  were  made 


Expended  in- 


Townships. 

Places  up  to  2,500 

Places  2,500  to  15,000. . 
Places  15,000  to  75,000. 
Places  75,000  to  400.000 
Chicago.. 

Total 


Streets 
and  high- 
ways 


i  $46.  72 
9.66 
10.43 
s  26 
10.  06 
i  22.  56 


21.  79 


Educa- 
tion 


$20.  25 
19.07 
22.48 
21.70 
17.47 
23.  08 


21.96 


Public 
benefit 


$9.  53 
17.  57 
21.  13 
19.82 
21.78 
35.07 


24.68 


Govern- 
ment 


$2.70 
3.  65 
3.  58 
3.59 
2.  79 
4.57 


3.81 


Total 


i  $79.  20 
49.  95 
57.  62 
53.  37 
52.10 
'  85.  28 


72.  24 


1  These  figures  differ  slightly  from  corresponding  values  given  in  the  report  pub- 
lished by  the  State  of  Illinois.    For  explanation,  see  footnote  5. 

TABLES     SHOW      RELATIONS     BETWEEN      VALUATION,    TAXATION, 
EXPENDITURES,  AND  OTHER  FACTORS 

The  study  disclosed  interesting  relationships  among 
the  factors  of  taxation,  expenditures,  valuation,  pop- 
ulation, etc.  The  valuation,  taxation,  and  expendi- 
tures per  capita  in  1930  are  shown  in  table  22. 

Table  22. — Per  capita  valuation  taxation,  and  expenditures  in 
1980,  in  the  various  classes  of  local  unit  and  in  the  State  us  a 
whole 


Unit  of  government 


Townships 

Places  up  to  2,500 

Places  2,500  to  15,000... 
Places  15,000  to  75,000. 
Places  75,000  to  400,000 
Chicago 

Entire  State 


Valuation 

Taxation 

Expendi- 
tures 

$1, 494 

$53.  22 

i  $79.  20 

712 

'     58. 37 

49.95 

713 

69.05 

57.62 

778 

65.92 

53.37 

906 

63.24 

52.10 

1,045 

95.21 

■85.28 

1,012 

76.32 

72.  24 

Ratio  of  per 
capita  ex- 
penditures 
to  per  capi- 
ta taxation 


i  1.48 
.S6 
.S3 
.si 
.  82 
1.90 


1  These  figures  differ  slightly  from  corresponding  values  given  in  the  report  pub- 
lished by  the  State  of  Illinois.    For  explanation,  see  footnote  5. 

The  ratio  of  per  capita  expenditures  to  per  capita 
taxation  is  a  rather  accurate  index  of  the  flow  of  State 
(including  Federal)  and  county  aids  to  the  less  popu- 
lous areas,  except  as  affected  by  abnormal  borrowings. 


For  instance,  in  the  townships  per  capita  expenditures 
exceeded  per  capita  taxation  by  $25.98,  or  about  33 
percent.  Expenditures  in  municipalities,  on  the  other 
hand,  were  less  than  taxes  and  this  difference  would  be 
even  greater  (particularly  in  Chicago)  if  borrowings 
were  also  considered  as  a  source  of  revenue.  Table 
22  indicates  in  general  tins  shift  in  funds. 

Table  23  gives  percentage  relationships  between  pop- 
ulation, motor-vehicle  ownership,  valuation,  taxes 
payable,  and  expenditures  made  in  the  several  classes 
of  local  unit  in  1930. 

Table  23. — Percentage  distribution  of  population,  motor-vehicle 
ownership,  property  valuation,  taxes  paid,  and  expenditures  made 
in  the  several  classes  of  local  unit  in  1930 


Unit  of  government 


Townships 

Places  up  to  2,500 

Places  2.500  to  15,000.. 
Places  15,000  to  75,000. 
Places  75,000  to  400,000 
Chicago. 

Total 


Popula- 
tion 


Percent 
17.6 

8.5 
12.4 
14.7 

2.5 
44.3 


100.0 


Motor- 
vehicle 
owner- 
ship 


Percent 
13.4 
16.8 
17.0 
18.4 
3.3 
31.1 


100,0 


Valua- 
tion 


Percent 
26.0 
6.0 
8.8 
11.3 
2.2 
45.7 


100.0 


Taxes 
paid 


Percent 
12.3 

6.5 
11.2 
12.7 

2.1 
55.2 


100.0 


Expendi- 
tures 
made 


Percent 
19.4 
5.9 
9.9 
10.8 
1.8 
52.2 


100.0 


HIGHWAY  EXPENDITURES  DISCUSSED  IN  DETAIL 

There  was  expended  on  all  highways  and  streets  in 
Illinois  in  1930  a  total  of  $166,298,900,  which  exceeded 
the  total  taxes  imposed  for  highways  by  $16,032,200. 
The  total  expenditures  were  divided  as  follows:  On  the 
State  highway  system,  $40,421,100,  or  24.3  percent;  on 
the  county  systems,  $16,840,100,  or  10.1  percent;  on 
the  local  roads,  $8,937,500,  or  5.4  percent.  Street  ex- 
penditures by  municipal  authorities  were  as  follows: 
On  Chicago  streets,  $75,873,300,  or  45.6  percent  of  the 
State  total;  and  on  other  streets,  $24,226,900,  or  14.6 
percent. 

The  sum  of  $3,155,000  was  spent  by  the  Division  of 
Highways  on  parts  of  the  State  trunk  system  lying 
within  the  limits  of  incorporated  places ;  of  this  amount 
$22,500  was  spent  in  Chicago.  In  addition,  Cook 
County  expended  $265,400  on  streets  in  Chicago  which 
form  a  part  of  the  county  trunk  system.5 

Adding  these  amounts  to  the  amounts  expended  by 
the  municipalities  themselves,  we  find  that  the  total 
spent  on  urban  streets  was  $103,520,600;  the  total  ex- 
penditures on  rural  roads  being  $62,778,300. 


8  At  the  time  of  preparation  of  the  "Master  statistical  tables",  which  form  a  part 
of  the  full  report  published  by  the  State  of  Illinois,  the  expenditures  of  Cook  County 
in  Chicago  could  not  be  ascertained.  For  this  reason  there  are  slight  differences, 
negligible  in  effect,  between  figures  given  in  tables  21,  22,  and  25  and  corresponding 
figures  in  the  full  report. 
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OTHER  IMPOSTS 


Y//A    LEVY  AGAINST  PROPERTY 


,-,n 


40 


P7771  taxes 

1             1  -EXPENDITURES 

[-1 

— 

OWNSHIPS 

PLACES 

PLACES 

PLACES 

PLACES 

CHICAGO 

AVERAGE 

TOWNSHIPS 

PLACES 

PLACES 

PLACES 

PLACES 

CHICA60 

AVERAG 

(RURAL 

UP  TO 

2,500 

15,000 

75,000 

FOR 

(RURAL 

UP  TO 

2,500 

15,000 

75,000 

FOR 

AREAS) 

2.S00 

TO 
15,000 

TO 
75,000 

TO 
400,000 

STATE 

AREAS) 

2.500 

TO 
15,000 

TO 
75,000 

TO 
(,00,000 

STATE 

AVERAGE  TAX  RATES  ON  GENERAL  PROPERTY  IN  THE  SEVERAL  CLASSES 

OF  LOCAL  UNIT  AND  THE  STATE  AS  A  WHOLE,  AND  RATES  REQUIREO  IF 

ALL  TAXES  WERE  LEVIED  ON  GENERAL  PROPERTY  (TABLE.  6] 


PER  CAPITA  TAXES  AND  PER  CAPITA  EXPENDITURES  IN  THE  SEVERAL 
CLASSES  OF  LOCAL  UNIT  AND  THE  STATE  AS  A  WHOLE  (TABLE  22) 


100 
90 
80 
70 


40 


Y//A   CONCRETE 


OTHER  SURFACES 


EARTH  ROADS 


40 


^ 


Y//A    REGISTRATION  FEES 
1             1    GASOLINE  TAXES 

,■      , 

~ 

" 

~ 

_ 

TOWN-     PLAC- 

PLAC-    PLAC-    PLAC-     CHI-      AVER- 

5HIPS       ES 

ES          ES           ES       CAGO      AGE 

UP  TO 

2,500    15,000  75,000                  FOR 

2,500 

TO          TO           TO                    STATE! 

15,000  75,000  400,000 

PER  CAPITA  EXPENDITURES  BY  PURPOSE  IN  THE 

SEVERAL  CLASSES  OF  LOCAL  UNIT  ANO  THE  STATE 

ASA  WHOLE  (TABLE  21) 


STATE  COUNTY            LOCAL               ALL 

TRUNK  TRUNK  TOWNSHIP  RURAL 

HIGH  HIGH-             ROADS  ROADS 

WAYS  WAYS 

TOTAL  MILEAGE  OF  RURAL  HIGHWAY  SYSTEMS  ANO 
SURFACED  MILEAGE  BY  TYPES  (  TABLE  I ) 


TOWN-     PLAC-    PLAC-    PLAC-    PLAC-    CHIC-    AVER- 
SHIPS       ES  ES  ES  ES         AGO       AGE 
UPTO    2,500   15.000  75,000  FOR 
2,500       TO          TO          TO                     STATE 
15,000  75,000  400,000 

AVERAGE  REGISTRATION  FEES  AND  GASOLINE  TAX 

PAYMENTS  BY  MOTOR  VEHICLE  OWNERS  IN  THE 

SEVERAL  CLASSES  OF  LOCAL  UNIT  AND  IN  THE 

STATE  AS  A  WHOLE  (TABLE  15) 


PROPERTY   TAXES 


MOTOR  VEHICLE  IMPOSTS 


LOANS  AND  RESERVES 


" 


_1 


~ 


n 


TOWN-    PLACES    PLACES  PLACES  PLACCS  CHICAGO 
5HIPS       UPTO      2.500     15,000    75,000 
2,500         TO  TO  TO 

15,000    75,000  400,000 


STATE  COUNTY  LOCAL  URBAN          ALL 

TRUNK  TRUNK  TOWN-  STREETS     ROADS 

HIGH-  HIGH-  SHIP  ANO 

WAYS  WAYS  ROADS  STREETS 


TOTAL  EXPENDITURES  ON  HIGHWAY  SYSTEMS  ANO 

URBAN  STREETS  SHOWING  SOURCES  OF  FUNDS 

(TABLE  27) 


COMPARISON  BETWEEN  THE  CONTRIBUTIONS  BY 
MOTOR  VEHICLES  DOMICILED  IN  THE  SEVERAL 
CLASSES  OF  LOCAL  UNIT  TO  THE  TOTAL  TRAVEL 
OF  ILLINOIS  VEHICLES,  AND  THE  CONTRIBUTIONS 
BY  TAXPAYERS  IN  THESE  SAME  UNITS  TO  CUR- 
RENT TAXES  EXPENDED  ON  ROAOS  AND  STREETS 
f  TABLES  14  AND  27) 

Graphical  Summary  of  Essential  Facts  Disclosed  by  Survey  of  Illinois  Finances  in   1930 


TOWN-    PLAC-    PLAC-    PLAC-    PLAC-     CHI-    ENTIRE 
SHIPS'      ES         ES  ES  ES        CA€0    STATE 

UPTO    2,500   15,000  75,000 

2.500      TO  TO  TO 

15,000  75,000  400,000 

PER  CAPITA  CONTRIBUTIONS  BY  RESIDENTS  OF  THE 
SEVERAL  CLASSE5  OF  LOCAL  UNIT  TO  CURRENT  TAX- 
ES EXPENDED  ON  ROAOS  ANO  STREETS 
(BASEO  ON  TABLE  27) 
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All  expenditures  on  the  State  highway  systems  were 
made  under  the  supervision  of  the  Division  of  High- 
ways, and  the  total  of  these  expenditures  was  $40,421,- 
100.  A  survey6  conducted  by  the  State  of  Illinois 
indicates  that  the  total  annual  traffic  is  in  the  neighbor- 
hood of  3,419,000,000  vehicle-miles.  The  expenditures 
on  the  State  system  were,  therefore,  approximately  1.18 
cents  per  vehicle-mile. 

The  total  expenditures  for  construction  and  mainte- 
nance on  the  State  system  were  $31,954,300.  The  re- 
maining expenditures,  rep- 
resenting general  undis- 
tributed overhead  of  the 
highway  department  and 
the  interest  on  State  high- 
way bonds,  totaled  $8,466,- 
800.  Table  24  gives  the 
distribution  of  construc- 
tion and  maintenance  ex- 
penditures among  the  sub- 
divisions of  the  State  sys- 
tem. 

Table  25  gives  the 
amounts  expended  for 
streets  and  highways  in 
the  several  classes  of  local 
unit.  Of  the  $62,778,300 
expended  in  the  townships 
(i.e.,  on  rural  roads),  $37,- 
266,100  was  expended  by 
the  Division  of  Highways 
on  the  State  system;  $16,- 
574,700  by  the  counties  on 
the  county  trunk  system; 
and  $8,937,500  by  the  lo- 
cal authorities  on  the  local 
(township)  roads. 


EXPENDITURES  AND  TAXES 
FOR  STREETS  AND  HIGH- 
WAYS   COMPARED 

Table  25  also  gives,  for 
purposes  of  comparison, 
the  street  and  highway 
taxes  paid  (or  payable)  by 
taxpayers  and  motor- 
vehicle  owners  in  the  sev- 
eral classes  of  local  unit. 
These  figures  were  previ- 
ously given  in  tabl  e  8 .  The 
last  column  of  table  25 
gives  the  ratio  of  expendi- 
tures to  taxes. 

There  was  spent  upon 
the  rural  highway  system, 
$62,778,300.  The  rural 
units  of  government  con- 
tributed in  all  forms  of 
highway  taxes,$16,996,900. 
In  other  words,  the  high- 
way expenditures  in  the 
townships  were  369  percent  of  the  revenues  derived  from 
these  units  of  government.  This  shows  a  decided 
flow  of  revenues  from  the  villages  and  cities  toward  the 
rural  areas.  The  conclusion  should  not  be  hastily 
drawn  that  this  represents  an  unfair  subsidizing  of  the 
rural  districts  at  the  expense  of  the  urban  communities. 
It  is  well  known  that  a  large  portion  of  the  traveling 


RELATIONS  BETWEEN  HIGHWAY  TAXES 
PAID,  HIGHWAY  EXPENDITURES,  AND 
TRAVEL 

The  total  mileage  of  rural  highways  in  Illinois 
in  1930  was  97,234.  The  State  highway  system 
consisted  of  10,098  miles,  divided  into  6,976  miles 
of  Federal-aid  highways  and  3,122  miles  of  other 
State  trunk  highways.  The  county  highway  sys- 
tem contained  17,369  miles,  and  the  local  township 
roads,  69,767  miles.  No  data  are  available  on 
mileage  of  village  and  city  streets. 

The  total  volume  of  traffic  (exclusive  of  out-of- 
State  vehicles)  on  all  roads  and  streets  in  Illinois 
during  the  year  1930  was  approximately  14  billion 
vehicle-miles,  of  which  10.5  percent  was  produced 
by  vehicles  of  rural  ownership;  17.2  percent  by 
vehicles  owned  in  incorporated  places  having  a 
population  up  to  2,500;  18.3  per  cent  by  vehicles 
owned  in  places  of  2,500  to  15,000  population;  19.5 
percent  by  vehicles  owned  in  places  of  15,000  to 
75,000  population;  3.4  percent  by  vehicles  owned 
in  places  of  75,000  to  400,000  population;  and  31.1 
percent  by  vehicles  owned  in  Chicago. 

Expenditures  on  the  State  highway  system  in 
1930  were  $40,421,100;  on  the  county  systems, 
$16,840,100;  on  the  local  (township)  roads,  $8,937- 
500;  on  Chicago  streets,  $75,873,300;  and  on  other 
streets,  $24,226,900. 

Of  the  total  property  taxes  expended  on  all  roads 
and  streets,  10.9  percent  was  expended  on  county 
trunk  highways;  13.8  percent  on  the  local  (town- 
ship) roads;  and  75.3  percent  on  urban  streets. 

Of  the  total  motor  vehicle  taxes  expended  on  all 
roads  and  streets,  72.8  percent  was  expended  on 
State  trunk  highways;  11.5  percent  on  county 
trunk  highways,  and  15.7  percent  on  urban  streets. 

Of  the  total  of  all  taxes  and  imposts  expended  on 
all  roads  and  streets,  rural  property  and  motor 
vehicle  owners  paid  12.8  percent,  and  travel  by 
rural  vehicles  made  up  10.5  percent  of  the  total 
travel  on  all  roads  and  streets;  city  and  village 
property  and  motor  vehicle  owners  paid  87.2  per- 
cent, and  travel  by  city  and  village  vehicles  made 
up  89.5  percent  of  the  total  travel. 


done  by  urban  vehicles  is  in  the  rural  areas,  particularly 
on  the  State  highways.  Furthermore,  the  transportation 
facilities  provided  by  good  rural  roads  have  decided 
influences  upon  urban  commercial  enterprises.  The  ben- 
efits received  by  the  cities  as  a  result  of  rural  highway 
development  tend  to  counterbalance  the  flow  of  revenues. 
As  a  general  rule,  the  less  dense  the  population  of  the 
county,  the  greater  its  percentage  of  gain  in  the  compar- 
ison of  expenditures  with  taxation.  While  the  town- 
ships in  each  county  invariably  received  more  in  expendi- 
tures than  they  paid  in 
taxes,  the  reverse  was  true 
for  practically  every  group 
of  incorporated  places. 

To  avoid  incorrect  con- 
clusions, such  facts  must 
also  be  carefully  exam- 
ined. For  example,  in  the 
case  of  Chicago,  it  can  be 
seen  that  the  city  paid 
$70,913,600  in  highway 
taxes  and  that  the  expend- 
itures were  $76,161,200. 
It  would  seem,  therefore, 
that  the  city  of  Chicago  re- 
ceived more  than  it  paid, 
but  such  is  far  from  the 
case.  During  the  year, 
Chicago  incurred  tempo- 
rary and  long-term  indebt- 
edness for  highway  pur- 
poses of  $41,491,000.  Ac- 
tually, Chicago  contrib- 
uted about  $18,995,400  to 
the  State  and  county  high- 
way programs  and  there 
was  expended  by  these 
agencies  within  the  city  the 
total  amount  of  $287,900. 
It  is  also  incorrect  to  as- 
sume that  because  Chi- 
cago contributed  this 
$18,995,400  to  the  State 
and  county  and  received 
but  $287,900  in  the  form 
of  expenditures,  the  differ- 
ence necessarily  will  be 
spent  in  other  communi- 
ties. Various  State  and 
county  highway  funds  are 
created  from  the  highway 
receipts.  It  is  easily  pos- 
sible that  a  community 
may  in  one  year  make  a 
contribution  to  a  fund  and 
the  next  year  receive  a 


in 


6  Report  of  the  Survey  of  Traffic  on  Illinois  State  Highways,  August  1931  to  Labor 
Day,  1932,  State  of  Illinois,  1932,  p.  19. 


benefit  from  that  fund  in 
the  form  of  an  expendi- 
ture. This  is  especially 
true  of  payments  made 
in  the  later  months  of  the  calendar  year. 

In  considering  revenues  as  compared  with  expendi- 
tures, it  is  also  important  to  remember  that  there  is  a 
natural  lag  between  the  revenues  and  the  expenditures. 

SOURCES  OF  REVENUES  FROM  WHICH  FUNDS  WERE  DERIVEE  FOR 
1930  HIGHWAY  EXPENDITURES 

The  first  classification  of  the  source  of  funds  is  by  the 
governmental  agency  whose  act  made  the  funds  avail- 
able.    These  funds  so  classified  are  presented  in  table  26. 
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Table  24. — Expenditures  for    construction    and    maintenana    on 
the  State  highway  systi  m  in  1980 


Construction 

expenditures 

Maintenance 
e:  1 1.  -..inures 

Total 

Per- 
cent 
age  of 

Highway  system 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Amounl 

Per- 
cenl 

total 
con- 
struc- 
tion 

and 

main- 

le- 

Federal-aid  (primary)... 
Federal-aid  (secondai  s 
Other  State  highways... 

$6, 275, 000 
12.913,300 
9,  428,  700 

SO.  9 
91.  1 
94.0 

$1,478,200 

l.  261,  100 

597,  700 

19.  1 
8  'J 
6.0 

$7,  753,  200 
14.  174.700 
10,026,400 

100.0 
100.(1 
100.  0 

24  3 
44  3 
31    1 

Total 

28, 617, 000 

V.I    1 

3,  337,  300 

10.4 

31,954.300 

100.  0 

100  0 

Table  25.     Street  and  highway  expenditures  made  in  th< 

es  of  local  unit  in  1980,  and  comparison  of  expenditures  with 
charges  imposed  for  streets  and  highways   upon   taxpayi 
motor-vehicle  owners  in  these  classes  of  unit 


Class  nf  local  unit 


Townships.... 
Places  up  to  2,500 
Places  2.500  to  15,000 
Places  15.000  1O  75.000 
Places  T5.oooio40(i,oo(i 
i  'Ihi  ago 

Total 


ti   i     md  high wa j 
expendil  ui  e 


Amount 


$166,298,900 


Percent 


3  8 
6  0 


1.2 
45.  8 


Street  and 
taxes  ' 


516,996,900 

15,059,300 

21,479,300 

14,800 

3, ; ' 

70,913.600 


loo  o     $150,  2i 


Ratio  of 
turcs  to 


.  12 
16 
12 

52 
l'  07 

I    11 


!  See  table  8 

Table  26. — Funds  expended  on   the  several  highway  systems  and  the  urban  streets  in  1980,  and  the  approximaU  amounts  and  per- 
centages of  these  funtls  provided  by  in/posts  made  by  the  various  governmental  units,  and  by  loan,  ami  reserve  funds 


( I  in 

srnmental  agency  providing  funds 

Total 

Pei  centage 
of  total  cm 

rent    tax 
funds 

Percen 

of    total 
funds 

Highway  system  and  form  of  revenue 

Federal 

government 

State 

Counties 

Local 
governments 

State  trunk  highways: 
Federal-aid  system: 

Loans  or  reserves 

$2. 047, 000 

$21,  592,  000 

$23,  639, 000 

85.3 

$1,097,400 

$11,594,800 

$12,  692,  200 

100.0 

$3, 144,  400 

$33,  180,  800 

$36,331,200 

89.9 

$1,  267,  900 
$5,  256,  500 
$6,524,400 

38.  7 

$2,047,000 

$25,081,900 

$27,  72s,  900 

100.  0 

$1,097,400 

$11,. ".'.14.  SOU 

$12,  692,  200 

100.0 

$3,  144,  100 

$37,  276,  700 

$40,421,  100 

100.  0 

$4,719,800 

$12,  120,300 

$16,840,  100 

100.0 

$265,  III  III 

$8,  672,  500 

$8,  937.  500 

100.  0 

$6,369,500 

$17,857,400 

$24,226,900 

100.  0 

$39.  104,  500 

$36,768,800 

$75,873,300 

100.0 

$53,60 
$112,695,700 
$166  298,900 
100.  0 

Current  taxes ... 

$4,089,900 

$4,  OS'.i,  900 

14.7 

Total 

Percent ..  

State  bond-issue  system: 

Loans  or  reserves.  . .  

Current  taxes 

10.  3 

Total 

Percent .  .     ...  . 

Entire  State  system: 

Current  taxes 

$4,089,900 
$4,089,900 

10.  1 

33.1 

Total.. 

24  3 

Percent.. 

County  highways  (State-aid): 

Loans  or  reserves .  -  .  

$3,451,900 

$6,863,800 

$10,315,700 

61.3 

hi  8 

Total 

10.  1 

Local  rural  (township)  roads: 

$265, 000 

$8.  672,  500 

$8,  937,  500 

100.0 

$6,369,500 

$17,857,400 

$24,226,90(1 

100.0 

$39,  104,  500 

$36,768,800 

$75,  873,  300 

100.0 

$45,  739,  000 

$03,  298,  700 

$109,  037,  700 

65.6 

7.7 

Total 

5.  4 

Percent ... 

Urban  streets  outside  Chicago:1 

15.8 

Total _ 

14.0 

Chicago  streets:2 

Total 

I  i  I 

All  roads  and  streets: 

$4,  412,  300 

$38,  443,  300 

$42, 855,  600 

25.  8 

$3,451,900 

$6,  sen.  soo 

$10,315,700 

(i.  2 

$4,089,900 

$4,  O.V.I. '.inn 

(Ml    11 

Total... 

100.0 

1  Does  not  include  expenditures  by  Division  of  Highways  on  streets  which  are  part  of  the  State  trunk  system. 

2  Does  not  include  expenditures  by  Division  of  Highways  and  Cook  County  on  streets  which  are  parts  of  the  State  and  counts 


It  will  be  seen  from  the  table  that  of  all  the  revenues, 
the  Federal  Government  provided  2.5  percent  and  the 
State  25.8  percent.  The  State  highway  system, 
consisting  of  the  Federal-aid  highways  and  the  State- 
bond-issue  system,  is  supported  jointly  by  funds  pro- 
vided by  the  United  States  and  the  State.  The  county 
highway  system  is  a  joint  enterprise  between  the  St  site 
and  the  counties,  about  two  thirds  of  the  funds  being 
provided  through  the  acts  of  county  authorities.  The 
funds  for  rural  roads  and  the  city  streets,  except  for 
those  included  as  part  of  the  other  highway  systems, 
tire  all  provided  through  acts  of  the  local  officials. 


Of  the  total  expenditures  for  highways  and  streets, 
$4,089,900  was  Federal-aid  money,  $53,603,200  was 
derived  from  loans  and  reserves,  and  $108,605,800  was 
spent  out  of  current  receipts  from  property  taxation 
.md  motor-vehicle  imposts.  Table  27  gives  the  break- 
down of  this  Latter  sum  into  payments  by  taxpayers 
and  motor-vehicle  owners  in  the  several  classes  of  local 
unit ;  and  thus  shows  the  contributions  by  each  of  these 
classes  to  the  expenditures  in  1930  on  the  several  high- 
way systems  and  the  local  streets.  The  Federal-aid 
money  is  naturally  not  subject  to  such  an  analysis;  and 
the  loans  and  reserves  do  not   represent   taxes  paid  in 
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Table  27. — Approximatt  amounts  of  the  1930  taxes  and  imposts  expended  on  lh<  current  highway  program,  listed  according  to  highway 
system,  type  of  tax,  and  class  of  Incut  unit  in  which  the  tax  was  paid 


IMPOSTS    ON    GENERAL    PROPERTY 


Highway  system 

Paid  l>\  taxpayers  in — 

Slate  trunk 

County  trunk 

Township  local 

Urban  streets 

All  high^i 

'ays  and  streets 

Amount 

Percent 

Amout  ' 

Percent 

Amount 

Percent 

Amount 

Percent 

An  ount 

Percent 

Percent- 
age of 
total 

$3,051,700 

383, 

710.7011 

578,000 

132,2011 

2,007,300 

30.  9 
7.  1 

11.0 
8.6 

10.0 
6.0 

$6,  831, 700 
739,  7110 
833, 000 
268,  100 

69.1 
13.8 
12.  9 

4.0 

$'.».  883,  400 
5,381,400 
6,  165,  700 
6,718,  Hi" 
1,328,000 

33.211,  100 

100.0 
100.0 
100.0 
100  n 
100.  0 
100.0 

15.7 

Places  up  in  2  500 

$4,257,800 
4,922,000 
5,  872,  300 
1.  1 95.  800 

31,  203,800 

79.  1 
76.  i 
s7    1 
90.0 
94.0 

8.5 

Plai  a   !  500  i"  15,000 

10.3 

15  000  to  75  000 

10.7 

2.  1 

52.  7 

Total 

6,863,800 

10.9 

8,  672,  500 

13.8 

47,451,700 

75.3 

62,  988,  000 

100.0 

100.0 

IMPOSTS    ON    MOTOR    VEHICLES 


Townships 

Places  up  to  2,500 

Places  2,51 15,000.. 

Places  15,1 to  75,000 

Places  75,000  to  100,000 
<  ihicago 


Total. 


$3,571,200 

88.  1 

5.071.41111 

85  2 

5,565,900 

7s,  5 

6,  468,  200 

78.  7 

1,228,000 

76  '1 

11,282,  100 

60.  3 

33,  186,800 

72  8 

$167,800 
814,700 
898  900 

1,030,300 
194,500 

1,850,300 


5,  256,  500 


11.6 
13.7 
12.  7 
12.5 
12.  1 
9.  9 


11.5 


$68,  700 
621,400 
726,800 

192,600 
5,  565,  000 


7.  174.  ."(Ill 


8.8 
11.9 

29.8 


$4,  039,  000 
5,954,800 
7,086,200 
8,225,300 
1,615, 100 

18,697,  400 


45,617,800 


100.0 
100.0 
100.0 
100.  0 
100.0 

I 


100.0 


8.9 
13  1 
15.5 
18.0 

3.5 
41  0 


100.0 


ALL    IMPOSTS 


$3,571,200 
5,  07 1.400 

5,  565,  900 

6,  His.  _'iii  1 
1,228,000 

11,282,100 

25  6 
44.7 
41.  1 
43  3 
41.7 
21  8 

$3,  519.  aim 

1,  198,600 
1,  111  19.  000 
1,608,300 
326,  TO" 
3,  857,  600 

25.  3 

10.  (i 

11    9 

1(1   s 

11. 1 

7    1 

$6,831,700 

739,  700 
833,000 

'.'(is.  Kill 

49.  1 
6.5 
6.1 
1.8 

$13,922,  100 
11,336,200 
13,551,900 
14,943,700 
2,  943, 100 
51,908,500 

Kill.  II 
100.0 
100.0 
100.0 
100.  0 
100.0 

12  8 

Places  2,5011  In  15.000 

Places  15, 1  to  75,000         

Places  75,000  to  100,000 

•i    126,500 
5,543,400 
6,599,  100 
1,388,400 
16,768,800 

38.2 
40.9 
44.  1 
47.2 
70.8 

10  4 

12.5 
13.8 
2.7 

47  s 

Total 

33.  186,800 

1.0*9,9(10 
3,  l  It.  Hi" 

30.  5 

12,  120,300 

11.2 

8,  672.  500 

8.0 

54,626,200 

50  3 

108,  605,  800 
4,  089,  900 
53,  603,  200 

100.0 

100.0 

5  9 

'  4,719,  Mill 

8.8 

205.  000 

.5 

15,  174.1100 

si  s 

100.0 

10,421,  100 

24.  3 

16,840,  100 

10.  1 

8,  937,  500 

5.4 

100,  100,  200 

60.2 

166, 298, 900 

100.0 

i  Of  this  sum,  $2,017,(1(1(1  represents  a  balance  from  the  highway  bond  iss  ue       This  amount  will  be  repaid  entirely  through  motor-vehicle  imposts. 

2  This  amount  represents  unexpended  balances  from  reserve  funds  and  bond  issues  and  also  new  borrowings.     If  the  present  policies  are  continued  in  the  future,  at  least 
half  of  this  amount,  will  ba  retire  1  from  the  counties'  sh  ire  of  State  motor-vehicle  revenues  and  the  balance  from  local  property  taxes. 

3  These  funds  come  primarily  from  new  borrowings  largely  in  the  form  of  sp  icial  assessments  which  will  in  all  probability  be  retired  through  property  imposts. 


1930.  However,  information  is  given  in  the  footnotes 
of  table  27  regarding  the  provisions  for  retirement  of 
the  loans. 

The  data  given  in  this  table  should  not  be  confused 
with  the  information  regarding  street  and  highway  tax 
levies  given  in  the  earlier  part  of  this  report,  and  in  the 
report  published  by  the  State  of  Illinois.  Tables  7  and 
8,  for  example,  give  the  total  amounts  levied  for  street 
and  highway  purposes  in  1930.  The  funds  so  derived 
were  expended  in  paying  1930  highway  costs,  in  the 
retirement  of  indebtedness,  and  in  the  establishment  of 
reserves  for  future  work.  Table  27  is  concerned  only 
with  the  amount  spent  on  the  current  program  in  1930. 
Thus  it  is  shown  in  table  8  that  the  townships  con- 
tributed 11.3  percent  of  the  total  street  and  highway 
levies  in  1930;  while  table  27  shows  that  the  townships 
contributed  12.8  percent  of  the  current  taxes  expended 
in  1930  on  streets  and  highways. 

Property  taxes  expended  for  street  and  highway 
purposes  approximated  $63,000,000;  75  percent  of  tins 
amount  was  spent  on  urban  streets.  Motor-vehicle 
taxes  were  expended  to  the  amount  of  more  than 
$45,000,000,  of  which  approximately  73  percent  was 
spent  on  State  highways.  Expenditures  from  loans 
and  reserves  exceeded  $53,000,000,  with  approximately 
85  percent  of  this  sum  devoted  to  city  and  village  streets. 

It  should  be  noted  that  the  imposts  on  general  prop- 
erty set  forth  in  table  27  include  special  assessments 


levied  for  highway  and  street  construction,  almost  all 
of  such  assessments  being  in  incorporated  areas. 

STUDY  OF  SURVEY  DATA  SHOWS  RELATIONSHIPS  BETWEEN   TAXES. 
TRAVEL,  AND  EXPENDITURES 

The  information  given  in  table  27,  when  studied  with 
reference  to  other  data  given  in  this  report,  makes  it 
possible  to  arrive  at  definite  conclusions  regarding  the 
relations  existing  in  Illinois  in  1930,  between  the 
following  factors: 

1.  Taxes  paid  for  highways  by  taxpayers  in  the 
several  classes  of  local  government  unit; 

2.  The  funds  expended  on  the  several  highways  sys- 
tems and  the  local  streets; 

3.  The  relative  contributions  by  motor-vehicle  own- 
ers in  the  several  classes  of  local  unit  to  the  total  travel 
of  Illinois  vehicles  in  the  State. 

CONCLUSIONS 


No  funds  raised  from  taxes  on  property  are  ex- 
pended on  State  highways. 

Rural  property  pays  no  tax  for  urban  streets. 

Of  the  total  tax  on  rural  property  expended  for 
highway  purposes: 

(a)  30.9   percent  was  expended   on  county 

trunk  highways; 

(b)  09.1    percent    was    expended    on    local 

township  roads. 
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Table  28. — Comparison  of  taxation  and  expenditures  in  Illinois  in 


$1,000  in  taxes 


Residents  of- 


Townships 

Place   up  to  2.500 

Places  2,500  to 
Places  15,000  to  75,000. 
Places  75,000  to  400,000 


Townships 
Places  up  to  2 
Places  2.500  to  15,000 
Places  15,000  to  75,000. 

i'i  ■  e      ,000  to  10 

Chicago - 

Townships 

Places  up  to  2,500  . 
Places  2,500  to  15,000- 
Places  15,000  to  75,000. 
Places  75,iiiin  i,i  100,000 
Chicago 


Paj 

$96  86 

30.  51 

72.03 

85.  33 

14.06 

128  92 

8  28 

12   16 

14.67 

17  (HI 

:;  28 

37.  27 

17.(i:, 

16.  30 

25.  90 

24   29 

;;  38 

85  80 

In 


General  property  tax- 
es, $7:53.71. 


Motor   vehicle   taxes, 
$92.97. 


Miscellaneous     taxes, 

'     $173.32. 


$1,000  iii  expenditures 


I  livision  b>  purpose 


Education,  $304.03. 


Highwa; 

Public  benefit,  $341  60 

( lovernmenl .  ]    !  69 


Subdh  ision  bj  high- 
way system 


State  highways,  $73.33 


County    trunk    high- 
ways, $30  55 


ip  roads,  $16.21 


Urban  streets,  $181  59 


Source  of  expenditures 


Taxes  paid  in 

Townships 

Incorporated  place 
Federal  aid 
Loans  and  resei    e 


lid  m 
Townships. 
Incorporated  places 
i      ■     and  reserve 

lid  in 
i  o«  nships 
Incorporated  places 
I. nan    and  resei  i e: 


i     paid  in 
Townships 
Incorporated  places 
Loans  and  reserves 


$fi    is 

7.  12 
0 


.48 


99.  1(1 
82   19 


Percenl 


8  83 
73.  27 


20.  '.Ill 
51.07 
28  03 

76  II 
20  00 

2  '.Hi 


15    13 


4.  Of  the  total  tax  on  urban  property  expended  for 

street  and  highway  purposes: 

(«)  7.2  percent  was  expended  on  count} 
trunk  highways; 

(6)  3.5  percent  was  expended  on  local  town- 
ship roads; 

(c)  89.3  percent  was  expended  on  urban 
streets. 

5.  Since,  of  the  total  assessed  property  valuation  of 

approximately  $7,719,000,000,  26  percent,  or 
approximately  $2.007, 000,000  was  rural,  and  74 
percent,  or  $5,712,000,000,  was  urban: 

(a)  Expenditures  from  property  taxes  for  all 

highways  and  streets  were  at  the  fol- 
lowing rates  per  $100  of  assessed  val- 
uation: 

Rural— 49.2  cents; 

Urban — 93.0  cents. 

(b)  Expenditures    from    property    taxes    for 

county  trunk  highways  were  at  the 
following  rates: 

Rural— 15.2  cents  per  $100; 

Urban — 6.7  cents  per  $100. 

(c)  Expenditures   from    property    taxe 

local  township  roads  were  at  the  fol- 
lowing rates: 

Rural— 34  cents  per  $100; 

Urban— 3.2  cents  per  $100. 

(d)  Expenditures  from   property   taxes   for 

urban  streets  were  at  the  following 
rate-: 

Rural — No  tax; 

Urban— 83.1  cents  per  $100. 

6.  Of  the  total  property  taxes  expended  on  all  roads: 

(a)  10.9   percent    was   expended    on   county 

trunk  highways; 

(b)  13.8  percent  w  as  expended  on  local  town- 

ship roads; 

(c)  75.3    percent  was    expended    on    urban 

streets. 

7.  Of  the  total  motor  vehicle  imposts  expended  on  all 

classes  of  roads  and  streets: 


for 


(a)  Rural  motor  vehicle  owners  i  residents  of 
townships)  paid  8.9  percent ,  and  travel 
by  these  same  rural  owners  made  up 
10. 5  percent  of  the  total  travel  on  all 
classes  of  roads  and  streets; 

(6)  Urban  motor  vehicle  owners  paid  91J 
percent,  and  made  up  89.5  percenl  of 
the  total  travel. 

8.  Of  the  total  motor  vehicle  imposts  expended  on  all 

classes  of  roads  and  streets: 

(a)  72.8  percent  was  expended  on  State  trunk 

highways,   including   portions    within 

urban  areas; 
(/>)  11.5   percent    was  expended  on   county 

trunk  highways: 
(c)  15.7    percent     was    expended    on    urban 

streets. 

9.  Of  all  imposts  and  taxes  expended  on  all  roads  and 

streets: 

(a)  30.5  percent  was  expended  on  State  trunk 
highways; 

(l>)  11.2  percent  was  expended  on  county 
trunk  highways; 

(c)  8.0  percenl  was  expended  on  local  town- 
ship roads; 

(./)  50.3    percent    was   expended   on    urban 
st  reets. 
10.  Of  all  imposts  and  taxes  expended  on  all  roads  and 
st  reets: 

{a  )  Rural  property  and  motor-vehicle  owners 
paid  12.8  percent,  and  travel  by  rural 
vehicles  made  up  10.5  percent  of  ihe 
total  travel  on  all  classes  of  roads  and 
streets; 

(6)  City  and  village  property  and  motor- 
vehicle  owners  paid  87.2  percent,  and 
travel  by  urban  vehicles  made  up  89.5 
percent  of  the  total  travel. 

FINAL  COMPARISON  OF  TAXES  AND   EXPENDITURES 

A.s  a    means  of  summarizing   the  general   taxations 
and  expenditures  in  Illinois  in  1930,  table  28  has  been 

(Continued  on  p 
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prepared.  It  shows  a  comparison  between  the  sources 
of  $1,000  in  taxes  and  the  manner  in  which  $1,000  was 
expended,  and  is  based  on  tables  given  previously  in 
the  report.  The  comparison,  however,  is  not  a  direct 
one,  for  the  $1,000  unit  cannot  be  identical  for  both 
taxes  and  expenditures.  If  it  were  desired  to  make  the 
two  sides  of  the  tabulation  balance  exactly,  as  in  the 
case  of  a  true  balance  sheet,  it  would  be  necessary  to 
include  proceeds  from  bonds  and  loans  on  the  left  of 
the  double  line,  and  principal  payments  on  t he  right, 
as  well  as  to  make  due  allowance  for  balances  carried 
over  and  carried  forward.  The  complete  figures  neces- 
sary for  such  a  presentation  are  not  available,  so  that 
expenditures  as  given  cannot  be  said  to  balance  receipts 
from  taxes.  It  is  believed,  however,  that  table  28  gives 
a  helpful  picture  of  the  relation  between  tax  money 
received  and  actual  expenditures  in  the  year  1930. 


PRICE  INDICES  SHOW  TREND  OF  HIGHWAY 
CONSTRUCTION  COSTS 

On  the  cover  of  Public  Roads  this  month  there 
appears  a  chart  showing  the  variation  of  price  indices 
for  highway-construction  work  from  1922  to  the  close 
of  1932.     For  the  years  from  1922  to  1930,  inclusive, 


the  average  price  index  for  a  given  year  is  plotted 
directly  under  the  symbol  for  that  year.  For  1931 
and  1932  the  average  index  for  the  fourth  quarter  is 
given  under  the  symbol  for  the  year. 

An  extended  discussion  of  the  derivation  of  these 
indices  will  appear  in  a  subsequent  issue  of  Public 
Roads.  It  may  be  desirable,  however,  to  remark  here 
that  the  general  index — designated  "composite  mile" — 
is  an  index  in  which  the  weightings  assigned  to  the 
various  items  for  which  prices  have  been  used  in  deter- 
mining this  index,  are  the  amounts  of  these  items  which 
would  have  been  used  in  building  one  mile  of  highway 
if  that  mile  had  contained  an  average  amount  of  grad- 
ing and  an  average  footage  of  structures  and  had  the 
surfacing  been  composed  of  gravel,  macadam,  con- 
crete, etc.,  in  amounts  proportioned  according  to  the 
average  usage  of  these  various  surfaces.  The  base 
period  used  in  determining  both  weightings  and  aver- 
age base  prices  is  the  period  1925  to  1929,  inclusive. 
The  general  index  (composite  mile)  shows  the  trend  in 
prices  in  tne  highway  construction  field  taken  as  a 
whole. 

In  addition  to  the  general  index,  three  subsidiary 
indices  are  shown — excavation  (grading),  surfacing, 
and  structures.  These  indices  indicate  the  price 
changes  which  have  taken  place  in  the  more  restricted 
field  which  each  covers. 


£ 


ROAD  PUBLICATIONS  of  the  BUREAU  OF  PUBLIC  ROADS 


Any  of  the  following  publications  may  be  purchased  from 
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department  and  as  the  department  does  not  sell  publications, 
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Properties  of  Road-Building  Rock.     10  cents. 

The  Expansion  and  Contraction  of  Concrete 
and  Concrete  Roads.     10  cents. 
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Highway  Cost  Keeping.     10  cents. 
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TECHNICAL  BULLETINS 

No.      55T  .   .  Highway  Bridge  Surveys.     20  cents. 

No.  265T  .  .  Electrical  Equipment  on  Movable  Bridges. 
35  cents. 

MISCELLANEOUS  CIRCULARS 

No.  62MC  .  .  Standards  Governing  Plans,  Specifications, 
Contract  Forms,  and  Estimates  for  Federal- 
Aid  Highway  Projects.     5  cents. 

No.  93MC  .  .  Direct  Production  Costs  of  Broken  Stone. 
25  cents. 

No.  109MC  .  .  Federal  Legislation  and  Regulations  Relating 
to  the  Improvement  of  Federal-Aid  Roads  and 
National-Forest  Roads  and  Trails,  Flood 
Relief,  and  Miscellaneous  Matters.     10  cents. 


MISCELLANEOUS  PUBLICATION 

No.    76MP  .  .  The  results  of  Physical  Tests  of  Road-Build- 
ing Rock.     25  cents. 


REPRINT  FROM  PUBLIC  ROADS 

Reports  on  Subgrade  Soil  Studies.     40  cents. 


Single  copies  of  the  following  publications  may  be  obtained 
from  the  Bureau  of  Public  Roads  upon  request.  They  cannot 
be  purchased  from  the  Superintendent  of  Documents. 

SEPARATE  REPRINT  FROM  THE  YEARBOOK 

No.  1036Y   .   .  Road  Work  on  Farm  Outlets  Needs  Skill  and 
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TRANSPORTATION  SURVEY  REPORTS 

Report  of  a  Survey  of  Transportation  on  the  State  Highway 
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A  complete  list  of  the  publications  of  the  Bureau  of  Public 
Roads,  classified  according  to  subject  and  including  the  more 
important  articles  in  PUBLIC  ROADS  may  be  obtained  upon 
request  addressed  to  the  U.  S.  Bureau  of  Public  Roads,  Willard 
Building,  Washington,  D.C. 
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THE  MICHIGAN  FINANCIAL  SURVEY 

Digest  of  a  Survey  of  the  Finances  of  Michigan  in  1930  With  Special  Reference  to  Highways,  Conducted  by  the  Bureau  of  Public  Roads  and   the  University 

of  Wisconsin 


THIS  STUDY  of  highway  finance  in  Michigan  is 
one  of  a  series  conducted  by  the  United  Slates 
Bureau  of  Public  Roads  in  cooperation  with  the 
University  of  Wisconsin  and  the  respective  Stale 
highway  departments,  involving  expenditures  for  high- 
way purposes  and  the  incidence  of  taxes  for  these  and 
other  purposes.  The  Michigan  survey  is  based  on  the 
calendar  year  1930. *  The  following  summary  of  the 
comprehensive  report  made  by  the  investigators  has 
been  prepared  by  the  Division  of  Highway  Transport 
of  the  Bureau  in  order  to  make  the  results  available  in 
concise  form.  The  arrangement  of  material  follows 
that  of  the  "Wisconsin  and  Illinois  summaries  for  greater 
ease  of  comparison.2 

The  calendar  year  1930  was  selected  for  the  study 
because  of  its  being  a  United  States  census  year,  as  well 
as  the  latest  year  for  which  certain  data  could  be  ob- 
tained. It  is  also  the  same  year  for  which  the  similar 
studies  in  Wisconsin  and  Illinois  were  made. 

To  classify  the  incidence  of  taxation,  the  Stale  was 
divided  into  groups  of  governmental  units   and  into 
classes  of  residents.     To  distribute  expenditures,   the 
highway  classifications  in  use  in  the  State  were  adopted. 
Division   into    groups    of   governmental    units    and 
classes  of  residents  was  as  follows: 
The  State  Government. 
The  counties: 

Group  1. — All  counties  with  a  population  of 
over  400  persons  per  square  mile 
in  1930. 
Group  2. — All  counties  with  a  population  of 
from  75  to  400  persons  per  square 
mile  in  1930. 
Group  3. — All  counties  with  a  population  of 
from  45  to  74  persons  per  square 
mile  in  1930. 
Group  4- — All  counties  with  a  population  of 
from  30  to  44  persons  per  square 
mile  in  1930. 
Group  5. — All  counties  with  a  population  of 
from  20  to  29  persons  per  square 
mile  in  1930. 
The  municipalities  or  local  governmental  units: 

1.  Townships    (rural   areas  outside  of  incor- 

porated municipalities). 

2.  Incorporated   places  having   a   population 

of  2,500  or  less. 

3.  Incorporated  places  having  a  population  of 

2,500  to  15,000. 

4.  Incorporated  places  having  a  population  of 

15,000  to  75,000. 

5.  Incorporated  places  having  a  population  of 

75,000  to  400,000. 

6.  Incorporated  place  having  a  population  of 

over  400,000  (city  of  Detroit  only). 

1  The  investigation  was  directed  by  Henry  K.  Trumbower,  professor  of  economics 
at  the  University  of  Wisconsin  and  economist  for  the  Bureau  of  Public  Roads,  assisted 
by  the  late  A.  R.  Elirst,  engineer,  and  H.  R.  Brigps,  statistician.  The  Michigan 
.Stair  Highway  Department  cooperated  in  making  the  facts  and  data  available 

1  For  the  summary  of  the  Wisconsin  survey,  See  the  April  1933  issue  of  PUBLIC 
Roads,  and  for  Illinois,  the  May  1933  issue. 
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Purposes  of  (he  investigation  were  as  follows:  (l »  To 
study  and  analyze  the  direct  and  indirect  highway 
receipts  and  disbursements  of  the  State  and  of  the 
counties,  townships,  municipalities,  and  other  political 
subdivisions  thereof;  (2)  to  develop  facts  and  informa- 
tion showing  the  effect  of  highway  and  related  taxes  on 
property  of  all  kinds;  and  (3)  to  develop  the  total 
amount  of  revenues  raised  for  all  other  governmental 
purposes  of  the  State,  counties,  and  local  units  as  com- 
pared with  the  revenues  raised  for  highways,  bridges, 
and  streets. 

The  study  was  undertaken  in  Michigan  partly  lie- 
cause  of  its  distinct  type  of  highway  development  and 
partly  because  the  financial  data  pertaining  to  all  gov- 
ernmental units  within  the  State  have  never  before  been 
assembled  and  analyzed.  In  connection  with  the  Wis- 
consin and  Illinois  surveys  it  gives  a  picture  of  thre< 
typical  Middle  Western  Stales  with  radically  different 
highway  programs. 

In  these  comprehensive  investigations  many  facts 
pertaining  particularly  to  the  subjects  investigated  and 
ttlso  incidental  to  the  central  purposes  have  been 
revealed.  Some  of  the  conditions  noted  in  Michigan 
are:  (1)  Michigan,  which  started  its  highway-develop- 
ment program  under  a  system  which  was  highly 
cooperative  among  all  units  of  government,  has  reached 
a  stage  where  each  unit  of  government  is  entirely  in 
charge  of  certain  types  of  highways  and  entirely 
divorced  from  the  others;  (2)  because  of  the  provisions 
of  the  Covert  road  law,  special  assessments  are  levied 
for  highway  purposes  not  only  in  urban  areas  but  also 
against  rural  property;  (3)  practically  all  portions  of 
the  State  and  county  highway  systems  have  some  type 
of  surfacing;  (4)  while  there  is  a  tax  commission  which 
assembles  statistics  concerning  property  I  axes  and  also 
has  jurisdiction  over  certain  other  taxes,  several 
different  State  departments  are  charged  with  the 
administration  of  a  number  of  important  State  la 
(5)  there  is  no  central  assembly  of  financial  data  per- 
taining to  the  subdivisions  of  the  State,  although  the 
forces  of  the  auditor  general  make  periodic  audits  of  the 
counties;  (6)  the  records  and  accounts  concerning 
highways  in  many  counties  are  inadequate;  and  poorly 
kept;  a  uniform  system  under  central  control  should  be 
installed  throughout  (he  State ;  (7)  special  assessments 
have  reached  the  point  where  "it-  would  seem  that 
special  assessments  may  be  levied  for  almost,  any  pur- 
pose and  are  not  only  especially  burdensome,  but  inmost 
metropolitan  area-,  they  have  become  so  frequent  that 
the  payment  of  same  is  almost  a  monthly  affair.  The\ 
seriously  impair  the  credit  of  any  municipality."3 

GOVERNMENTAL  ORGANIZATION   DESCRIBED 

The  Stale  government  is  of  the  usual  type,  with  a. 

eral  assembly  composed  of  two  houses,  a  governor, 

and  other  State  elective  officers,  nine  executive  ollices, 

and  other  appointive   bodies.      In    Michigan   the  office 

of  State  highway  commissioner  is  elect  i\  e. 

-  Prom  the  report  of  1 1  i  mission  of  inquiry  and  taxation  for  1930. 
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The  counties  are  under  the  control  of  the  county 
board  of  supervisors.  This  board  of  supervisors  is 
composed  of  a  representative  from  each  of  the  town- 
ships within  the  county  and  also  members  from  the 
municipalities.  There  are  usually  three  departments 
of  the  county  government.  These  include,  first,  the 
general  county  government,  under  the  immediate  juris- 
diction of  the  elective  county  officers;  second,  county 
highway  administration,  under  the  control  of  the  county 
highway  department;  and  third,  the  drainage  districts, 
under  the  control  of  the  county  drainage  commissioner. 

The  local  government  consists  of  a  number  of  con- 
current overlapping  bodies.  The  townships  are  the 
rural  areas.  However,  villages  are  considered  as  a 
part  of  the  township  in  wliich  they  are  located.  Incor- 
porated cities  are  separate  and  distinct  from  the  town- 
ships. Coextensive  with  the  cities  and  townships  are 
various  highway  districts,  school  districts,  sanitary 
districts,  park  districts,  and  other  special  districts.  It 
has  not  been  the  practice  in  this  study  to  make  further 
division  of  the  units  of  government  other  than  the 
township  and  incorporated  places.  Those  other  minor 
governmental  areas  have  been  treated  as  parts  of  the 
larger  units  which  contain  them. 

THE   TAXING   SYSTEM 

The  major  Michigan  tax  is  the  general  property  tax, 
which  is  used  as  the  primary  source  of  revenue  for  the 
local  units  of  government  and  is  largely  under  their 
control. 

Counties  derive  most  of  their  funds  from  the  county 
general  property  tax  levied  by  the  board  of  supervisors. 
This  tax  is  paid  by  the  local  governmental  subdivisions 
in  proportion  to  the  value  of  each  unit  as  determined 
by  the  county  board  of  supervisors.  A  State  property 
tax  is  also  levied  and  distributed  for  collection  among  the 
counties  upon  equalized  values  as  determined  by  the 
State  board  of  equalization. 

Among  other  duties  the  State  tax  commission  as- 
sembles data  as  to  total  property  tax  levies  and  taxable 
values.  From  this  information  it  determines  the  average 
property  tax  rate  in  the  State,  which  it  applies  to  the 
amount  wliich  the  commission  has  determined  to  be  the 
value  of  the  railroads  and  similar  utilities  operating  in 
Michigan.  This  tax  is  the  only  tax  which  the  public 
utilities  pay  and  is  specifically  dedicated  for  school 
purposes.  Certain  minor  taxes  are  administered  by  the 
commission,  but  its  major  duties  are  as  outlined  above. 

The  State  revenue  system  is  quite  diversified.  Be- 
sides the  general  property  tax,  there  are  inheritance 
taxes,  bond  and  mortgage  taxes,  a  malt  tax,  a  severance 
tax,  special  corporation  taxes,  taxes  upon  insurance 
companies,  and  other  minor  imposts.  These  are  ad- 
ministered by  several  different  State  departments. 

SOME   GENERAL    CHARACTERISTICS    OF    THE    STATE    DISCUSSED 

While  in  1930  the  population  of  Michigan  was 
4,842,325  persons,  the  concentration  was  primarily  in 
the  southern  portion  of  the  State.  Over  84  percent  of 
the  population  is  in  the  southern  third  of  the  territory, 
while  9  percent  is  in  central  Michigan,  and  %}{  percent 
in  the  Upper  Peninsula.  Of  the  total,  1,245,950 
persons  are  residents  of  unincorporated  territory.  Of 
the  remaining  3,596,375  village  and  city  residents, 
2,606,335  persons  live  in  cities  of  over  25,000.  Of 
these,  1,568,662  live  in  the  city  of  Detroit. 

The  agricultural  and  manufacturing  industries  are 
also  concentrated  in  the  southern  portion  of  the  State. 


Over  90  percent  of  the  total  taxable  value  is  in  southern 
Michigan.  In  the  northern  portion  of  the  State  then 
is  some  mining.  The  many  glacier-made  lakes  in  this 
region  provide  facilities  for  fishing  and  water  sports 
which,  with  the  favorable  summer  temperatures,  make 
the  resort  and  tourist  business  a  source  of  large  revenues 

Many  of  the  general  relationships  are  very  similar  tc 
those  found  to  exist  in  Wisconsin  and  Illinois.  In  all 
three  States  there  are  substantial  contributions  from 
municipal  groups  to  rural  areas.  This  is  particular] \ 
true  as  to  the  northern  portions  of  Wisconsin  and 
Michigan.  In  all  three  States  the  one  large  metro- 
politan center  exerts  a  very  decided  effect  upon  the 
observed  tendencies. 

The  assessed  valuation  of  all  taxable  property  in 
Michigan  in  1930  was  $8,447,141,100.  Of  this  amount 
21  percent  was  in  the  townships,  39.1  percent  in  in- 
corporated places  other  than  Detroit,  and  39.9  percent 
in  Detroit.     Details  are  given  in  table  1. 

Table  1. — Assessed  valuation  in  the  townships  and  incorporated 
places  of  Michigan  in  1930 


Class  of  place 


Townships _. 

Places  up  to  2, 500 

Places  2,500  to  15,000... 
Places  15,000  to  75,000.. 
Places  75,000  to  400,000 
Detroit 

Total 


Amount 


$1,773,958,100 

328,  474,  700 

780,  537,  600 

1,334,300,300 

855.  928,  700 

3, 373, 935,  f.00 


,447,141,000 


Percent 


21.  ( 
3.5 
9.  i 

15.  j 

10.  j 
39.  < 


100.  ( 


THE   MICHIGAN    HIGHWAY  SYSTEM 

There  were,  in  1930,  85,080  miles  of  rural  highways* 
in  Michigan.  The  mileage  of  urban  streets  is  not 
known.  Of  the  rural  highways,  7,691  miles,  or  9  per- 
cent, were  on  the  State  trunk-line  system;  17,175  miles, 
or  20.2  percent,  were  county  roads;  and  60,214  miles, 
or  70.8  percent,  were  local,  or  township,  roads.  In  addi- 
tion to  the  rural  mileage,  the  State  and  county  systems 
include  portions  within  urban  areas. 

The  State  highway  department  has  direct  control  oi 
the  trunk-line  system,  which  is  subdivided  into  the 
Federal-aid  system  of  4,671  miles  and  the  remaining 
trunk-line  roads,  which  include  approximately  3,000 
miles.  Together  these  two  groups  constitute  the  State 
system  of  through  highways.  It  is  almost  entirely 
surfaced.  The  funds  for  this  State  highway  system  are 
derived  from  State  imposts  upon  motor  vehicles  and 
from  Federal  aid.  A  part  of  the  system  was  financed 
from  a  $50,000,000  State  bond  issue,  which  will  be 
retired  from  the  State's  share  of  the  vehicle  imposts. 

The  system  of  county  roads  is  under  the  complete 
control  of  the  county  highway  departments.  It  is 
primarily  intended  to  serve  county  travel.  An  un- 
usually high  percentage  of  the  county  roads  are  sur- 
faced. The  county  system  is  financed  in  part  through 
an  allotment  of  State  funds  equal  to  one  half  of  the 
annual  vehicle-weight  tax,  or  registration  fee,  collected, 
and  in  part  from  county  property  imposts,  including 
both  general  taxes  and  special  assessments. 

Local  township  authorities  have  had  control  ovei 
70.8  percent  of  all  rural  highways.  Beginning  in  1932, 
these  local  township  roads  are  all  being  placed  under 
county  control.  One  fifth  of  them  is  to  be  so  trans- 
ferred annually.  By  1937  all  rural  roads  will  be  under 
the  supervision  either  of  the  State  or  the  county  high- 
way departments.     It  is  interesting  to  note  that  of  the 
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total  rural  highway  mileage,  about  10  times  the  mileage 
under  the  control  of  the  State  highway  department  i 
under  the  jurisdiction  of  local  authorities. 

Few  facts  are  available  as  to  city  and  village  si  reels 
in  the  State  of  Michigan.  Little  is  known  as  to  I  heir 
total  mileage  or  their  types  of  surface.  It  is  known 
that  out  of  the  $105,177,100  expended  on  all  highways 
in  Michigan  in  1930,  $37,502,400,  or  35.7  percent  of 
the  total  of  all  highway  expenditures  of  the  year,  were 
local  expenditures  on  municipal  streets.  Of  this 
amount,  $26,300,200  was  expended  by  the  city  of 
Detroit. 

THE   METHOD   OF   OBTAINING   FINANCIAL   DATA 

Since  in  Michigan  there  is,  with  the  exception  of  cer- 
tain facts  as  to  property  valuations  and  general  tax 
levies,  no  central  assembly 
of  county,  township,  and 
municipal  financial  data,  it 
was  necessary  in  the  con- 
duct of  this  survey  to  ob- 
tain data  directly  from 
these  governmental  subdi- 
visions themselves.  Mich- 
igan statutes  do  provide 
that  every  governmental 
subdivision  must  annually 
publish  a  complete  finan- 
cial report  covering  all 
transactions  of  the  preced- 
ing year.  These  published 
reports  were  obtained  for 
the  year  most  nearly  cor- 
responding to  that  of  the 
study.  Any  differences  re- 
sulting in  the  use  of  such 
fiscal  year  reports  as  com- 
pared with  the  calendar 
year  are  probably  less  than 
would  have  been  the  case 
if  attempts  had  been  made 
to  adjust  the  fiscal  year 
statements  to  the  calendar 
year  base.  With  few  ex- 
ceptions, adequate  reports 
were  received  from  the 
counties  and  all  of  the 
[arger  cities.  Because  of 
the  importance  of  the  com- 
munities and  the  complex- 
ties  of  the  local  records, 
the  statistics  for  Wayne 
County   and   the    city   of 

Detroit  were  obtained  directly  at  the  proper  local  offices 
n  these  places.  Field  visits  were  also  made  by  mem- 
bers of  the  staff  to  other  counties  and  cities  in  cases 
where  adequate  data  could  not  be  obtained  from  the 
mnual  reports.  The  office  of  the  State  auditor  general 
dso  makes  periodic  audits  of  all  counties.  These  reports 
furnished  a  valuable  additional  source  of  information. 

For  the  villages,  townships,  and  small  cities,  the 
data  were  obtained  through  correspondence.  Local 
officials  evinced  a  willingness  to  cooperate  with  the 
survey,  with  the  result  that  the  necessary  statements 
were  provided  by  more  than  60  percent  of  these  minor 
governmental  subdivisions.  As  there  is  a  close  corre- 
lation in  these  units  of  government  between  tax  levies 
and  expenditures,  and  as  the  tax  levies  were  known,  it 


Table  2. —  Total  of  all   State  anil  local  charges   imposed  by  the 
sioiis  and  its  subdivisions  for  collection  in  1030 


Imposed  by— 


State 

1  "unties 

Townships... 

•     up  to  2,500 

Places  2,500(o  15,000. 
Places  15,000  to  75,000. 

I      ,5,000  to  400,000 
I  lotroit 

Total 


Amount 


29,642, 

26,  397, 

24,212, 
90,214, 


384.732.300 


Percent 


14.2 

7.7 

9  r 

23.  J 


100.0 


Per 


$23.  26 

11  28 

32  17 

56.  15 

511.01 


MICHIGAN  TAXES  IN  1930 

Total  taxes  and  imposts  levied  in  Michigan  in 
1930  were  $384,732,300.  Taxation  of  general 
property  totaled  $282,210,900;  motor-vehicle  fees 
and  motor-fuel  taxes,  $44,237,100;  other  sources, 
including  insurance  and  inheritance  taxes,  valua- 
tion tax  on  railroads,  corporation  imposts,  certain 
local  imposts,  and  miscellaneous  State  revenues, 
$58,284,300. 

Of  the  total  taxes  and  imposts,  taxpayers  in  the 
townships  contributed  $69,729,800,  or  18.1  per- 
cent; those  in  incorporated  places  having  a  popu- 
lation of  2,500  or  less,  $18,641,700,  or  4.8  percent; 
in  places  of  2,500  to  15,000  population,  $45,356,600 
or  11.8  percent;  in  places  of  15,000  to  75,000  popu- 
lation, $62,360,900,  or  16.2  percent;  in  places  of 
75,000  to  400,000  population,  $39,906,300,  or  10.4 
percent;  in  Detroit,  $148,737,000,  or  38.7  percent. 

The  average  actual  tax  rates  on  general  prop- 
erty, per  $100  valuation,  were  as  follows:  Town- 
ships, $2.78;  places  of  2,500  or  less  population, 
$3.82;  places  of  2,500  to  15,000  population,  $4.18; 
places  of  15,000  to  75,000  population,  $3.52; 
places  of  75,000  to  400,000  population,  $3.43; 
Detroit,  $3.30. 

Motor-vehicle  owners  in  the  townships  paid 
in  license  fees  and  gasoline  taxes  an  average  of 
$25.42;  in  places  of  2,500  or  less  population,  the 
average  was  $30.20;  in  places  of  2,500  to  15,000 
population,  $30.62;  in  places  of  15,000  to  75,000, 
$31.86;  in  places  of  75,000  to  400,000  population, 
$32.03;  in  Detroit,  $35.49. 


was  possible  to  estimate  the  facts  lor  the   remaining 
townships  and  villages  with  reasonable  accuracy. 

The  State  expenditures  were  taken  directly  from  the 

books  of  the  State  auditor 
general.  The  Stale  high- 
way expenditures  for  con- 
struction and  maintenance 
and  the  allocation  of  t  hese 
amounts  between  town- 
ships and  incorporated 
places  were  prepared  for 
this  study  by  the  State 
highway  depart  merit . 


TAXES  LEVIED  AND  INCIDENCE 
OF   TAXATION 

In  1930  the  total  of  all 
imposts  charged  against 
persons  and  property  in 
Michigan  was  $384,732,- 
300.  The  amount  of  these 
imposts  imposed  by  au- 
thority of  each  of  the  gov- 
ernmental agencies  is 
shown  in  table  2.  All  of 
the  State  and  county  im- 
posts and  taxes  are  ulti- 
mately paid  by  taxpayers 
in  the  townships  and  in- 
corporated places.  The 
amounts  shown  in  table  2, 
restated  to  show  I  he  dis- 
tribution as  ultimately 
payable,  arc  given  in  table 
3.  The  totals  are  also  sub- 
divided into  general  prop- 
erty taxes,  motor-vehicle 
imposts,  and   other   taxes. 

While  general  property 

I. axes  are  t  he  chief  source 
of  revenue  in  Michigan,  the 
State  has  a  variety  of  other  taxes.  The  amount  provided 
by  each  major  form  of  tax  or  impost  is  shown  in  table  4. 

Table  3. — Total  of  all  State  ami  local  mposed  in  1030  as 

payable  by  taxpayers  in  the  local  units  of  governn 


Payable  by  taxpayers  in- 


iliips 

Places  up  to  2,500 

-'.51IU  tO  15, 

15,000  to  75,000 

75,000  to  400,0(10 

-it 

Total 


property 

taxes 


549,383,500 

12,517.000 
52,  633,  200 

20, 373,  700 
111,284,000 


282,  210,  900 


Motor- 
vehicle 

ami 
motor- 
fuel 
taxes 


3,212,700 
6,  194,  loo 

5,  021',.  000 
15,  330,  700 


14,  237,  100 


Other 

taxes 


All  taxes 


Per- 
cent 


$11,379,000 

7,217.  100 
'.I,  177,500 


5.  5oo,  600   39, 
22.  122,  300148,  737,000] 


J00     18  I 

18,641,700       4.8 
100     11.8 

-no!  16.2 
10.4 
38  7 


Per 

capita 


555.  97 
03.  34 
77.46 
16 
82.  12 
94.  S2 


70.  45 
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Table  4. — Sources  of  revenue  by  type  of  tax  or  revenue  in  1930 


Type  of  tax 


Ad  valorem  general  taxes 

.Special  assessments  '_. 

Public  utility  taxes 

State  motor-vehicle  imposts... 

Bond  and  mortgage  taxes 

Other  local  imposts. 

Inheritance  taxes 

Insurance  taxes 

Corporation  imposts.. 

Miscellaneous  State  revenues. 

Total 


Amount 


5266, 776, 400 
15,  431, . ',1)0 
14,253,800 
44,  237,  100 
1, 909,  300 
19, 400,  500 
5,  932,  200 
3,  S79,  300 
7,  452,  800 
5,  456,  toil 


384,  732,  300 


Percent 


69.4 
4.0 
3.7 

11.5 
.5 
5.1 
1.6 
1.0 
1.9 
1.3 


100.  0 


Per 

capita 


$55.  09 
3.19 
2.94 
9.14 
.39 
4.01 
1.23 
.80 
1.54 
1.12 


79.45 


RECAPITCLATION 


General  property  taxes. 
Special  assessments  '__- 
Motor-vehicle  imposts- 
other  local  receipts 

other  State  receipts 


$266,  776,  400 

69.  l 

15,434,500 

4.0 

44.  237, 100 

11.5 

19,  400,  500 

5.1 

38,883,800 

10.0 

$55. 09 
3.19 
9.14 
4.00 
8.03 


1  For  highways  only. 

It  is  of  interest  to  note  the  relationship  between  the 
revenues  raised  from  property  taxation  and  from  other 
imposts.  In  Michigan,  quite  consistently,  about  73 
percent  of  the  total  funds  come  from  property  imposts. 
Table  5  gives  the  rates  per  $100  of  taxable  property 
needed  to  raise  all  funds  by  property  tax  levies  and  the 
actual  property  tax  as  it  was  levied. 

Table  5. — Comparison  between  a  rate  on  general  properly  necessary 
to  produce  all  revenues  from  property  taxes  ami  the  actual  lax  rate 
on  general  property  as  levied,  per  $100  valuation 


Class  of  place 


Townships 

Places  up  to  2.500 

Places  2,500  to  15,000... 

Places  15,000  to  75,000. . 
Places  75,000  to  400,000. 
Detroit 

Average  for  State 


A  dual  tax 
rate  on 
general 
property 
as  levied 


$2.  78 
3.82 
4.18 
3.52 
3.43 
3.30 


3.34 


Tax  rate 
needed  to 

lore  : i i  1 

funds  by 

property 
tax  levies 


$3.93 

5.  ON 

5.81 
4.67 

4.0(1 
4.41 


4.50 


Percentage 
that  general 

property 
taxes  are  of 

all  taxes 
and  imposts 


70.8 
07.3 
71.9 
75.4 
73.6 
74.8 


73.4 


STREET  AND  HIGHWAY   REVENUES  DERIVED  FROM   GENERAL 
PROPERTY    AND    MOTOR    VEHICLE    TAXES 

Of  the  total  1930  tax  bill  of  $384,732,300,  the  sum 
of  $111,853,900  was  levied  for  street  and  highway 
purposes.  Table  6  gives  the  allocation  of  highway 
taxes  by  type  of  tax. 

Table  6. — Taxation  imposed  for  street  and  highway  purposes  in 

1930 


Type  of  tax 

Amount 

Per- 
cent 

Per- 
cent- 
age of 
total 

Per 

capita 

On  general  property: 

State.. . 

$40, 600 
19,248,000 
32,  893,  700 
15,434,500 

0.1 
28.5 
48.6 
22.8 

$0.01 
3  97 

County 

6  79 

Special  assessments 

3  19 

Total 

67,  616,  800 

100.0 

60.5 

13  96 

On  motor  vehicles: 

Registra*ion  fees 

21,247,800 

21,041,200 

1,318,100 

48.0 

48.9 

3.1 

4  39 

Fuel  taxes. 

4  47 

Other  fees 

28 

Total 

44,  237,  100 

IOO    (1 

39.5 

Grand  total 

111,853,900 

100.0 

23  10 

Levies  on  general  property,  including  special  asses; 
ments,  total  $67,616,800,  of  which  $39,547,400  we 
imposed  specifically  for  city  streets  and  $8,821,400  fc 
rural  roads.  A  total  tax  of  $19,248,000  was  levied  o 
general  property  by  the  counties,  for  use  on  the  count 
highway  systems,  including  portions  within  incorpt 
rated  places. 

Imposts  on  motor  vehicles  and  motor  fuel  totale 
$44,237,100.  The  money  so  raised  is  spent  on  th 
State  and  county  systems,  including  portions  of  thes 
systems  within  incorporated  places. 

Like  all  other  taxes,  these  street  and  highway  levie 
are  ultimately  paid  by  taxpayers  in  the  townships  an 
urban  communities.  Table  7  shows  the  imposts  c 
each  type  for  streets  and  highways  as  they  are  charge 
to  taxpayers  in  the  several  classes  of  place. 

MOTOR-VEHICLE  REGISTRATIONS,  TAXES,  AND  TRAVEL  DISCUSSE  ( 

There  were  1,378,214  motor  vehicles  of  all  types  regis 
tered  in  the  State  of  Michigan  in  1930,  or  1  for  every  3. 
persons.     There   was    a   passenger   car   for   every   4. . 
persons  and  a  truck  or  bus  for  every  22.8  persons. 

It  was  important  to  allocate  as  accurately  as  possible 
the  motor  vehicles  among  the  local  units  of  government I 
Data  was  obtained  from  the  motor  vehicle  license  de 
partment  and  also  allocations  made  by  the  State  high 
way  department.  In  addition,  this  material  wa 
supplemented  by  a  study  of  a  sample  of  20,000  ca 
registrations.  The  situs  of  cars  of  uncertain  locatioi 
was  verified  by  correspondence.  From  the  facts  s« 
ascertained  a  reasonable  allocation  was  made  by  place 
of  ownership  of  all  motor  vehicles  among  the  variou 
classes  of  local  governmental  units.  These  data,  divide* 
between  passenger  automobiles  and  trucks  and  busses: 
are  given  in  table  8. 

In  1930,  Michigan  vehicles  paid  registation  fee 
based  upon  weight  amounting  to  $21,247,800.  In  acldi 
tion  to  the  registration  fees  there  are  allied  fees  such  a 
car  registration  fees,  drivers'  licenses,  chauffeurs 
licenses  and  transfer  fees,  administered  by  the  moto 
vehicle  licensing  department  which  brought  in  revenue: 
of  $1,147,400.  The  total  cost  of  the  entire  departmen 
for  all  of  these  services  was  $1,069,200.  This  amoun 
was  4.77  percent  of  all  the  fees  received  by  the  depart 
ment,  and  averaged  78  cents  per  motor  vehicle  regis 
tered.  As  shown  in  table  8,  the  average  license  feet 
tend  to  increase  fairly  steadily  as  the  place  of  residenci 
becomes  more  urban.  This  is  true  for  trucks  anc 
busses  as  well  as  automobiles.  While  the  average  fei 
per  motor  vehicle  was  $15.42,  the  fee  for  motor  truck 
and  busses  was  $24.52,  as  compared  with  $13.77  fo; 
passenger  cars. 

GASOLINE-TAX     PAYMENTS     DETERMINED     BY     QUESTIONNAIRB 

METHOD 

The  3-cent  motor  fuel  tax  in  Michigan  in  1930  pro- 
duced a  net  revenue,  after  refunds,  of  $21,641,200. 
The  cost  of  collection  was  $41,400,  or  about  $1.91  pei 
$1,000  collected. 

To  find  the  gasoline  tax  paid  by  vehicles  owned  in 
the  various  groups  of  places,  questionnaires  were  sent 
to  50,000  motor-vehicle  owners  in  the  State.  In  order 
to  obtain  a  fair  cross  section,  this  sample  was  propor- 
tioned to  the  motor-vehicle  ownership  within  the  vari- 
ous places.  This  survey  was  conducted  during  the 
last  months  of  1931  and  the  first  part  of  1932.  Since 
it  was  impossible  to  expect  intelligent  answers  from 
motor-vehicle  operators  except  as  to  operations  in  the 
year  immediately  preceding,  the  requests  for  data  on 
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Table   7. — Inc. 


of  street  and  highway  taxali 


Payable  by  taxpayers  in— 


Townships 

Places  up  to  2,500. 

Places  2,500  to  15,000 

Places  15,000  to  75,000 

Places  75,000  to  400,000... 
Detroit 


Total 21,641,200 


Type  of  impost 


Motor-fuel  tax 


Amount 


$4,115,900 

1,  689, 100 
2,741,400 
3,  056,  800 

2,  470,  300 
7, 567, 700 


Percent 


19.0 
7.8 
12.7 
14.1 
11.4 
35.0 


100.0 


Registration  fees 


Amount 


$4,  502, 800 
1,443,200 
2,  602,  400 
2,  952,  000 
2,  420,  900 
7,  326,  500 


21,247,800 


Percent 


21.2 
6  8 
1 2.  2 
13.9 
11.4 
34.5 


100.  0 


Other  motor- 
vehicle  imposts 


Amount 


$348, 600 

Ml,  4(10 

162,500 
185,  300 
134,800 
136,  500 


1 ,  348, 100 


Percent 


25.9 
6.0 
12.0 
13.7 
10.0 
32.4 


100.0 


Special  assessments 


Amount 


$2,  150,  000 
404,  500 
1,650,4110 
2,  343,  700 
1,960,400 
6,  925,  500 


15,  434,  500 


Percent 


13.9 
2,  6 
10.7 
15.2 
12.7 
44.9 


100.0 


Property  taxes 


Amount 


$13,216,400 

2,904, I 

5.4X7,0(1(1 

3,888,600 
19,650,700 


52, 182, 300 


5.  (i 
10.5 
13.  5 

7.5 


Total 


Amount 


$24,333,700 
10,875,000 


100.0 


111,853,900 


Percent 


21.8 
5.  8 
11.3 

13.9 

'.(.7 

37.5 


100.0 


Table  8. — Motor-vehicle  registrations  and  license  fees  in  1930 


Place  of  ownership 


Townships: 

Automobiles 

Trucks  and  busses 

Total 

Places  up  to  2,500: 

Automobiles 

Trucks  and  busses 

Total 

Places  2,500  to  15,000: 

Automobiles 

Trucks  and  busses 

Total 

Places  15,000  to  75,000: 

Automobiles 

Trucks  and  busses. 

Total 

Places  75,000  to  400.000: 

Automobiles 

Trucks  and  busses. 

Total 

Detroit: 

Automobiles 

Trucks  and  busses. 

Total 

State  totals: 

Automobiles 

Trucks  and  busses. 

Total 


Registra- 
tion 


273, 044 
65,  906 


338,950 


84, 492 
19,  225 


103,717 


147,  252 
27,  276 


174,  528 


165, 193 
23, 440 


188,633 


132, 656 
20, 055 


152,711 


363,978 

55,  697 


419,  675 


1,166,615 
211,599 


1,378,214 


Per- 
cent- 
age of 
total 


23.4 
31.1 


24.6 


7.2 
9.1 


7.5 


12.6 
12.9 


12.7 


14.2 
11.1 


11.4 
9.5 


31.2 
26.3 


30.4 


84.6 
15.4 


100.0 


Persons 
per 

vehicle 


4.6 
18.9 


3.7 


3.5 

15.3 


2.8 


4.0 
21.5 


3.4 


Registra- 
tion fees 


$3, 419, 100 
1, 083,  700 


4,  502, 800 


1,095,800 
347, 400 


1,  443,  200 


2, 006,  200 
596,  200 


2, 602, 400 


4.0 
28.3 


3.4 


3.7 
24.1 


3.5 


4.3 

28.2 


3.7 


4.2 

22.8 


37.0 


2, 334, 100 
617, 900 


2, 952, 000 


1, 876, 400 
544,  500 


2,  420,  900 


5, 327, 100 
1,999,400 


7,  326,  500 


16, 058, 700 
5, 189, 100 


21,  247, 800 


Per- 
cent- 
age of 
total 


21.3 
20.9 


21.2 


6.8 
6.7 


6.  8 


12.5 
11.5 


12.2 


14.5 
11.9 


13.9 


11.7 
10.5 


11.4 


33.2 
38.5 


34.5 


75.6 
24.4 


100.0 


Pay- 
ments 

per 
vehicle 


$12.52 

Hi.  II 


13.28 


12.07 
18.07 


13.91 


13.  02 
21.86 


14.13 
26.36 


15.65 


14.14 
27.15 


15.85 


14.  64 
35.  90 


17.  46 


13.77 

24.  52 


15.42 


Table  9. — Average  miles  traveled  and  average  gasoline  consumption 
in  l!)3t  by  place  of  ownership 


travel  and  gasoline  consumed  were  worded  to  cover  the 
calendar  year  1931.  It  was  presumed  that  the  travel, 
and  therefore  the  gasoline  consumption,  were  propor- 
tionately the  same  in  1930  as  in  1931.  Usable  replies 
were  received  from  9,710  owners.  The  data  so  ob- 
tained is  summarized  in  table  9. 

The  indicated  total  gallonage  of  gasoline  consumed  in 
the  year,  based  on  the  replies  of  the  operators,  is  ap- 
proximately 35  percent  greater  than  that  computed  on 
the  basis  of  the  tax-paid  gallonage.  This  excess  was 
surprising  in  view  of  the  fact  that  exactly  similar  data 
obtained  from  questionnaires  in  both  Illinois  and 
Wisconsin  give  an  indicated  gallonage  much  more 
nearly  approximating  that  upon  which  the  tax  was 
actually  paid.  There  may  be  three  causes  lor  this 
difference.  The  first  is  that  it  is  a  possibility  that  those 
driving  the  shortest  distances  failed  to  answer  the 
questionnaire,  while  on  the  contrary,  those  having 
high  mileages  would  tend  to  report  the  fact.  The  second 
is  that  exemption  is  claimed  for  gasoline  supposedly 
purchased  for  nonhighway  use,  but  which  actually  w  as 
used  in  motor  vehicles.     The  third  cause  is  that  there 
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Townships 
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.'.OS 

712 

535 

7,  966 

.8,  080 

Places  up  to  2,500 

Sal 

01 

OIL' 

625 

1,216 

682 

o,  258 

13,438 

0.  662 

Places  2,500  to  15,000 

1,386 

138 

1,524 

655 

997 

686 

0,301 

10,668 

9.  427 

Places  15,000  to  75,000 

1,218 

.87 

1,305 

OCT 

1,  1.81 

701 

9,909 

10,550 

0,  952 

Places  75,000  to  400,000. .- 

1.088 

82 

1,  17(1 

000 

932 

716 

10,  142 

10,  130 

10,  141 

Detroit 

2,404 

85 

2.  480 

731 

1,351 

752 

10.  3,80 

10.401 

Total 

8,924 

786 

9,710 

047 

0(3 

673 

9,  480 

10.  351 

9,551 

is  undoubtedly  evasion  of  motor-fuel  taxes  in  Michigan 
as  well  as  in  other  States  of  an  unknown  amount. 
There  is  also  to  be  considered  the  fact  that  the  ques- 
tionnaire replies  are  for  1931,  in  which  year  the  total 
sale  of  motor  fuel  was  greater  than  in  the  preceding 
year.  It  was  assumed  in  this  survey  that  while  the 
motor-vehicle  mileage  as  ascertained  by  this  method 
was  undoubtedly  higher  than  the  average  travel  in  the 
State,  the  percentage  of  error  would  tend  to  he  uniform 
throughout  the  sample,  since  a  representative  sample 
was  taken.  Therefore,  proportionate  reductions  were 
made  in  all  computations  of  gasoline  taxes  paid,  in 
order  to  reduce  the  figures  to  the  actual  motor-vehicle 
fuel  imposts  known  to  have  been  paid. 

The  per  vehicle  payments  of  motor-fuel  taxes,  com- 
puted on  the  basis  outlined  above,  were  as  follows: 

Vehicles  owned  in — 

Townships $12.  11 

Places  up  to  2,500 16.  29 

Places  2,500  to  15,000 15.  71 

Places  15,000  to  75,000 16.  21 

Places  75,000  to  400,000 16.  L8 

Detroit 18.  03 

Average  for  State 15.  70 

Because  urban  ears  tend  to  travel  greater  mile 
and  also,  as  indicated  by  the  license  \rr>  paid,  are,  on 
the  average,  heavier  than  rural  ears,  the  gasoline  taxes 
paid  in  urban  communities  are  higher  than  those  paid 
in  t  he  rural  district  3. 

The  data  given  in  table  9  show  that  the  average 
automobile  consumed  only  r>7  percent  as  much  gasoline 
as  was  the  average  for  trucks  and  busses.  This  fact  is 
reflected  in  the  gasoline-tax  payments,  the  average  for 
automobiles  being  $14.39,  as  against  $22.96  for  trucks 
and  busses.  Passenger  automobiles  paid  77 .<>  percent 
of  the  total  gasoline-tax  payments;  trucks  and  bust's, 
22.4  percent. 
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The  total  payments  of  motor-fuel  taxes  and  vehicle 
licenses,  as  well  as  other  motor-vehicle  imposts,  by 
motor-vehicle  owners  in  the  several  classes  of  local  unit 
were  given  in  table  7.  The  State  highway  program  is 
financed  entirely  from  these  motor-vehicle  imposts  plus 
Federal  aid.  An  amount  equal  to  one  half  of  the  total 
vehicle-license  fee  or  weight  tax  is  returned  to  the 
counties.  Seven  eighths  of  this  fund  is  distributed  in 
proportion  to  the  fees  derived  from  each  county  and  the 
other  one  eighth  is  allocated  equally  among  the  83 
counties. 

TABLE  9   AFFORDS   BASIS  FOR   ESTIMATING    RELATIVE   TRAVEL  BY 
RURAL    AND    URBAN    VEHICLES 

The  data  given  in  table  9  cannot  very  well  be  used  to 
estimate  the  total  travel  of  Michigan  vehicles  in  1930, 
since  the  indicated  mileages  and  gasoline  consumption 
so  greatly  exceed  figures  which  are  based  on  the  actual 
gasoline-tax  payments.  The  estimate  of  total  travel 
given  in  the  Michigan  transportation  survey 4  was 
based  on  the  taxed  gallonage  and  a  figure  for  mileage 
per  gallon  obtained  from  an  analysis  of  the  question- 
naire data  given  in  table  9  of  this  report. 

It  is  reasonable  to  assume,  however,  that  the  errors 
of  the  questionnaire  are  proportional  throughout  the 
State;  and  that  the  relative  travel  in  1930  by  vehicles 
owned  in  the  several  classes  of  place  was  substantially 
as  is  indicated  in  table  9.  On  this  assumption  the 
average  mileages  given  in  that  table  have  been  applied 
to  the  registration  figures  of  table  8,  to  obtain  the  per- 
centage of  total  traffic  of  Michigan  vehicles  in  1930 
contributed  by  motor  veliicles  owned  in  each  class  of 
place.     These  percentages  were  as  follows: 

Percentage  of  total  travel  contributed  by 
vehicles  owned  in — 

Townships 20.  6 

Places  up  to  2,500 7.  8 

Places  2,500  to  15,000 12.  4 

Places  15,000  to  75,000 14.  1 

Places  75,000  to  400,000 11.  6 

Detroit 33.  5 

Entire  State 100.  0 

It  was  also  found  by  the  same  method  of  computation 
that  passenger  automobiles  contributed  S3  percent  of 
the  total  travel  and  trucks  and  busses  17  percent. 

DATA    ON    MOTOR-VEHICLE    TAXES    AND    TRAVEL    SUMMARIZED 

In  table  10  the  payments  by  motor-vehicle  owners  in 
each  class  of  local  unit  or  place  are  given  in  both  per- 
centage and  per-vehicle  forms.  Percentages  of  popula- 
tion, motor  vehicles  registered,  and  travel  are  also  given 
for  purposes  of  comparison.  The  tendency  of  vehicle 
imposts  to  be  greatest  in  the  places  with  the  greatest 
densities  in  population  is  decided.  Thus  the  townships, 
with  24.6  of  the  registered  motor  vehicles,  paid  only  20.3 
percent  of  the  motor-vehicle  taxes;  while  Detroit,  with 
30.4  percent  of  the  registration,  paid  34.6  percent  of  the 
motor-vehicle  taxes. 

From  table  9  and  data  previously  given,  the  following 
conclusions  have  been  derived  regarding  the  taxation 
and  travel  of  motor  vehicles  in  Michigan  in  1930. 

1.  The  townships,  with  25.7  percent  of  the  popula- 
tion, contained  24.6  percent  of  the  registered  motor 
vehicles;  motor-vehicle  owners  in  townships  paid  20.1 
percent  of  the  motor-fuel  taxes  and  registration  fees, 
and  contributed  20.6  percent  of  the  total  travel  of 
Michigan  vehicles. 

*  A  Survey  of  Highway  Transportation  in  Michigan,  Public  Roads,  vol   13.  no 
12,  February  1933,  p.  190. 


Table  10. — Comparison  of  the  several  classes  of  local  gov  tm 
unit  as  to  motor-vehicle  imposts   paid,   population,  nu  for 
vehicles  registered,  and  share  of  total  State  traffic  contril 
vehicles  owned  in  each  class  of  place 


Class  of  place 


Townships: 

Percent 

Per  vehicle 

Places  up  to  2,500: 

Percent 

Per  vehicle.-. 

Places  2,500  to  15,000: 

Percent 

Per  vehicle 

Places  15,000  to  75,000: 

Percent 

Per  vehicle -- 

Places  75,000  to  400,000 

Percent 

Per  vehicle 

Detroit: 

Percent 

Per  vehicle 

Entire  State: 

Percent 

Per  vehicle 


Motor- 
fuel 
taxes 
paid 


19.0 
$12. 14 


7.8 
$16.  29 


12.7 
$15.71 


14.1 
$16.21 


11.4 

$16. 18 


35.0 

$18.  03 


100.0 
$15.70 


Regis- 
tration 
fees 
paid 


21.2 
$13.  28 


$13.91 

12.2 
$14.91 

13.9 
$15.65 

11.4 
$15.85 

34.5 

$17.46 


100.0 

$15.42 


Motor- 
fuel 
taxes 
and 
regis- 
tration 
fees 
paid 


20.1 
$25.  42 

7.3 

$30.  20 

12.5 
$30.  62 

14.0 
$31.86 

11.4 
$32. 03 

34.7 
$35. 49 


100.0 
$31.  12 


All 

motor- 
vehicle 
imposts 
paid  ' 


20.3 
7.3 


12.4 
14.0 


11.4 
34.6 


100.0 


Popu- 
lation 


25.7 


6.1 
12.1 


13.7 
10.0 
32.4 


100.0 


Motor 
vehicle;    i 
regis- 
tered 


24.6 


7.5 
12.7 
13.7 
11.1 
30.4 


100.0 


1  For  motor-vehicle  imposts  other  than  motor-fuel  taxes  and  registration  fi 
table  7. 

2.  Incorporated  places  other  than  Detroit,  with 
percent  of  the  population,  contained  45  percent  oi 
registered  motor  vehicles ;  motor-vehicle  owners  in  t 
places  paid  45.2  percent  of  the  motor-fuel  taxes 
registration  fees,  and  contributed  45.9  percent  of 
total  travel  of  Michigan  vehicles. 

3.  Detroit,  with  32.4  percent  of  the  population,  < 
tained  30.4  percent  of  the  registered  motor  vehi< 
motor-vehicle  owners  in  Detroit  paid  34.7  percen 
the  motor  fuel  taxes  and  registration  fees,  and  i 
tributed  33.5  percent  of  the  total  travel  of  Michi 
vehicles. 

4.  Of  all  imposts  on  motor  vehicles,  the  owner 
motor  vehicles  in  the  townships  paid  20.3  perc 
those  in  incorporated  places  other  than  Detroit  ] 
45.1  percent;  and  those  in  Detroit  paid  34.6  percen 

5.  The  average  registration  fee  paid  was  $15.42; 
average  motor  fuel  tax  payment,  $15.70;  the  t( 
$31.12.  Both  registration  fees  and  gasoline-tax  ] 
ments  were  found  to  increase  as  the  place  of  residi 
becomes  more  urban. 

6.  The  average  registration  fee  paid  by  passei 
automobiles  was  $13.77;  by  trucks  and  busses,  $24 
The  average  motor-fuel  tax  payment  by  passei 
automobiles  was  $14.39;  by  trucks  and  busses,  $22 
Thus,  the  average  payments  in  registration  fees 
gasoline  taxes  were:  Passenger  automobiles,  $28 
trucks  and  busses,  $47.48. 

7.  The  owners  of  motor  trucks  and  busses,  wl 
constituted  15.4  percent  of  the  total  registrations 
contributed  17  percent  of  the  total  travel  of  Michi 
vehicles,  paid  24.4  percent  of  the  registration  fees 
22.4  percent  of  the  motor-fuel  taxes. 

SPECIAL  ASSESSMENTS  AND  THEIR  PLACE  IN  THE  HIGHWA 
PROGRAM 

In  Michigan  many  public  improvements  are  finar 
through  special  assessment.  In  the  cities  not  onl 
almost  the  entire  cost  of  street  improvements  and  s: 
lar  public  works  such  as  sewers  and  water  mains  cust 
arily  met  through  special  assessments,  but  such  imp 
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"<re  made  for  fire  protection,  public  buildings,  and  other 
'/  mrposes.     A  special  legislative  committee  in  its  report 
<n  Michigan  taxes  states,  "One  of  the  most  burden- 
ome  taxes  in  Michigan  involving  our  municipalities 
s  that  known  as  'special  assessment  taxes.'     It  would 
.eem  that  special  assessments  may  be  levied  for  almost 
'■my  purpose  and  are  not  only  especially  burdensome, 
'")ut  in  our  metropolitan  areas  they  have  become  so 
sequent  that  the  payment  is  almost  a  monthly  affair. 
They  seriously  impair  the  credit  of  any  municipality. 
-*     *     *     While   there  is   no   legislation    that   can   be 
enacted  that  will  relieve  these  taxpayers  of  their  present 
burdens     *     *     *     the    State    can    take    action,    the 
effect  of  which  will  be  to  afford  some  measure  of  pro- 
tection for  the  taxpayers  of  the  State  from  the  pyramid- 
ing of  special  assessment  taxes  in  the  future."     After 
suggesting  remedial  legislation,   the  committee  states 
that  among  the  effects  of  the  proposed  legislation  one 
Result  would   be    to    "definitely    limit   the   maximum 
assessment   against   any  particular  piece  of  property 
;and  preclude  the  practical  confiscation  of  the  property 
by  the  levy  of  special  assessment  taxes."  5 

These  special  assessments  in  Michigan  as  well  as  in 
most  other  States  are  not  generally  regarded  as  a  part 
of  the  municipal  financial  operations  and  do  not  appea  r 
normally  in  any  statement  of  receipts  or  disbursements. 
However,  exactly  the  same  improvements  are  financed 
in  some  localities  from  special  assessments  and  in  others 
by  general-tax  levies.  Any  financial  study  which  fails 
to  take  into  consideration  the  enormous  public  costs, 
especially  in  connection  with  highway  improvements, 
paid  for  some  of  these  revenues,  fails  to  present  a  true 
and  complete  picture  of  the  situation.  As  has  been 
indicated  by  the  statements  in  the  previous  paragraph 
these  special  assessments  may  become  excessively 
oppressive. 

Not  only  are  special  assessments  a  problem  in  muni- 
cipalities, but  in  Michigan  they  are  also  prevalent  in 
rural  areas.  This  is  due  to  the  Michigan  road  district 
law  commonly  termed  the  "Covert  road  act"  and  the 
very  similar  "drainage  act."  Under  these  laws  special 
districts  are  created  for  the  building  of  highways  and 
for  the  establishment  of  drainage  areas. 

While  there  are  a  number  of  States  which  permit 

i  the  formation  of  rural  special  assessment  road  districts, 

!  Michigan  apparently  is    about  the  only    State  where 

extensive  use  of  this  method  of  financing  rural  roads 

has  been  made  in  recent  years. 

The  intent  of  the  Covert  road  act  is  to  provide  an 
additional  method  of  constructing  and  improving  public 
highways  where  a  portion  of  the  cost  is  paid  by  special 
assessments  upon  the  lands  benefited.  When  the 
owners  of  66  percent  of  the  lineal  frontage  of  lands 
touching  any  highway  desire  to  improve  such  highways, 
they  may  file  application  with  the  county  road  com- 
missioners for  the  creation  of  a  special  assessment 
district.  The  commissioners  then  may  fix  the  boundary 
of  a  special  assessment  district  which  may  include 
property  not  touching  the  highway  contemplated  and 
may,  without  affording  them  a  voice  in  the  matter, 
cause  property  owners  removed  from  the  highway  to 
have  assessments  levied  against  their  property  for 
improvements  which  they  may  not  have  desired. 
After  fixing  the  district,  the  commissioners  allocate 
the  costs.  There  are  no  rules  or  established  procedure 
for  this  process.  A  portion  of  the  entire  costs  is  levied 
as  a  special  assessment  against  the  property  benefited. 

•  Report  of  the  State  commission  of  inquiry  into  taxation,  1930.    Pp.  90  and  91. 


This  iii.-in  vary  from  as  low  as  lf>  percent  of  the  entire 
cost  up  to  as  high  as  65  percent.  A  part  of  the  cost 
of  each  project  is  charged  against  the  township  at 
large,  and  another  part  is  charged  against  the  county 
it  large.  The  proportionate  amounts  of  each  of  these 
charges  may  vary  as  much  as  is  the  case  with  the 
mounts  charged  against  the  property  benefited. 
There  is  also  no  uniformity  or  system  in  apportioning 
the  benefits  against  the  property  included.  Various 
types  of  frontage  and  area  bases  arc  used. 

The  number  of  these  Covert,  road  projects  runs  into 
the  thousands.  In  1930  Berrien  County  alone  had  127 
active  projects.  In  some  counties  intelligent  and 
j  stematic  use  of  the  ( 'overt  road  procedure  has  resulted 
in  a  good  system  of  improved,  connected  roads  serving 
local  traffic.  This  is  one  of  the.  reasons  tor  the  high 
percentage  of  local  surfaced  roads  in  the  State  of 
Michigan.  In  other  counties,  particularly  in  the 
Detroit  area,  an  overdevelopment  has  resulted  and 
local  highways  have  been  built  for  which  there  is  no 
economic  justification.  Some  townships  are  covered 
with  a  network  of  concrete  roads,  and  in  some  cases  a 
considerable  portion  of  these  highways  have  had  street 
lighting  installed.  The  result  is  that  in  this  area  the 
charges  now  falling  due  to  meet  payments  on  Covert 
road  bonds  are  greater  than  the  property  owners  can 
bear. 

At  the  present  time  there  are  not  many  new  Covert 
projects,  but  there  are  heavy  payments  remaining  on 
previous  work.  The  report  of  the  legislative  com- 
mittee summarizes  the  situation  well  when  it  states  that 
"This  act  has  undoubtedly  caused  considerable  tax- 
distress  throughout  certain  communities  of  the  State 
and  undoubtedly  it  should  be  amended.  In  fact,  there 
are  many  persons  who  advocate  its  repeal.  However, 
this  action  does  not  seem  necessary,  as  it  is  believed 
that  it  can  be  amended  in  such  a  way  as  to  preserve 
its  good  features  and  eliminate  its  bad  features.  Im- 
provements which  can  be  constructed  only  through  the 
medium  of  this  law  are  essential  to  the  welfare  of  the 
people  in  many  sections  of  the  State  and  until  a  satis- 
factory substitute,  which  provides  such  facilities 
under  a  sounder  plan  of  financing,  is  proposed,  the 
revision  of  the  present  law  rather  than  its  repeal  seems 
more  logical." 

The  drainage  law  is  very  similar  to  the  Cover!  law. 
The  number  of  projects  undertaken  under  this  law 
greatly  exceed  the  Covert  projects,  but  the  average 
expenditure  is  much  less. 

In  1930  there  were  over  $70,000,000  of  outstanding 
bonds  covering'  these  local  highway  and  drainage 
undertakings;  of  this  total,  $54,000,000  were  highway 
bonds  and  $16,000,000  drainage  bonds.  Thus,  in 
Michigan,  both  in  urban  and  rural  areas,  special  assess- 
ments are  responsible  for  a  large  portion  of  the  imposts. 
Each  special  assessment  project  is  handled  separately 
and  not  as  a  part  of  the  general  business  of  the  com- 
munity. In  many  counties  records  can  be  obtained 
only  with  difficulty,  if  at  all.  Although  a  very  large 
portion  of  public  improvements  have  been  financed 
through  the  special  assessments,  present  economic  con- 
ditions have  served  to  check  the  Covert  and  drainage 
projects  in  Michigan. 

INDEBTEDNESS 

The  outstanding  debt  of  the  Slate  and  its  subdh  isions 
in  1930  was  $816,388,500.  The  sum  of  $101,507,700, 
or  almost  one  half  of  the  total,  was  incurred  ^<>v  public 
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benefits  such  as  the  protection  of  person  and  property, 
sanitation,  and  parks.  Highways  and  education  were 
almost  equally  responsible  for  the  remainder,  $202,- 
613,000,  or  24.8  percent,  being  incurred  for  highways 
and  $204,307,500,  or  25  percent,  being  incurred  for 
schools.  For  general  governmental  purposes  the 
indebtedness  was  less  than  1  percent.  This  debt  was 
incurred  primarily  for  public  buildings,  such  as  court- 
houses and  city  halls. 

All  of  the  governmental  units  of  Michigan  may 
incur  indebtedness.  Of  the  State  total  the  greatest 
portion  is  within  the  municipalities,  which  had  a  total 
indebtedness  of  $633,133,000.  Townships  had  an 
indebtedness  of  $64,058,000.  The  county  debt  was 
$35,710,300,  and  that  of  the  State  $83,487,200.  Of 
the  State  debt,  $30,000,000  were  obligations  incurred 
for  the  payment  of  the  soldiers'  bonus  and  $50,000,000 
for  highway  purposes.  Of  the  county  and  township 
debt,  the  total  Covert  road  bonds  have  been  appor- 
tioned between  the  counties  and  townships  in  the  ratio 
of  the  respective  obliga- 
tions assumed  by  each  for 
the  retirement. 

County  debts  are  not 
proportio  n  a  t  e  1  y  high. 
There  were  only  six  coun- 
ties having  obligations  of 
over  $1,000,000.  Outside 
of  Wayne  County,  practi- 
cally all  of  the  county  debt 
was  for  highways. 

The  greatest  amount  of 
indebtedness  is  found  in 
the  cities.  In  the  small 
places,  indebtedness  was 
$77.32  per  capita  and  in 
the  city  of  Detroit  $239.44. 
There  are  individual  com- 
munities in  the  Detroit 
area  where  the  per  capita 
indebtedness  is  greatly  in 
excess  of  this  figure. 

General  indebtedness  is 
limited  by  statutory  limi- 
tations. This  has  resulted 
in  some  cases  of  excessive 
valuations  of  property  to 
increase  the  base  for  borrowings.  Special  assessment 
debts  are  subject  to  no  such  limitations. 

The  policy  of  Michigan  with  respect  to  debt  retire- 
ment makes  impracticable  a  table  showing  the  debt 
service  for  the  year  comparable  to  the  tables  in  the 
Wisconsin  and  Illinois  reports.  Debt  service  consists 
of  the  interest  paid  and  the  debt  principal  retired  each 
year.  Total  interest  payments  during  1930  were 
$36,928,200,  of  which  $4,023,700  was  paid  by  the  State 
government,  $20,329,900  by  Wayne  County,  and 
$12,574,000  by  all  other  units. 

A  common  public  policy  in  Michigan  is  to  issue  long- 
term  obligations  in  the  form  of  sinking-fund  bonds. 
Funds  designated  for  the  eventual  retirements  of  these 
bonds  when  they  become  due  are  paid  into  the  sinking 
fund.  Large  amounts  of  this  nature  were  set  aside  by 
the  State  government  during  the  year,  but  no  obliga- 
tions were  actually  paid.  Since  none  of  the  obligations 
were  retired  and  the  full  amount  was  stdl  outstanding, 
there  was  no  actual  principal  retirement. 

The  State  highway  bond  sinking  fund  may  be  cited 
as  an  example.  During  the  calendar  year  1930  the 
State  paid  $2,507,800  interest  upon  its  highway  debt. 


MICHIGAN  EXPENDITURES  IN  1930 

The  total  expenditures  (exclusive  of  principal 
payments  on  bonds  and  loans)  by  all  units  of  gov- 
ernment in  Michigan  in  1930  were  $417,899,500, 
of  which  $105,177,100,  or  25.2  percent,  was 
expended  for  highways  and  streets;  $131,495,300, 
or  31.5  percent,  for  education;  $164,966,900,  or 

39.4  percent,  for  public  benefit;  and  $16,260,200, 
or  3.9  percent,  for  other  governmental  purposes. 

Expenditures  by  the  State  were  $69,141,200,  or 

16.5  percent;  by  the  counties,  $68,910,300,  or 
16.5  percent;  by  Detroit,  $136,116,600,  or  32.6 
percent;  by  other  incorporated  places,  $108,417,- 
100,  or  25.9  percent;  by  the  townships,  $35,314,300, 
or  8.5  percent. 

Of  the  total  expenditures,  24.3  percent  was 
made  in  rural  areas  (townships);  5.4  percent  in 
incorporated  places  having  a  population  of  2,500 
or  less;  9.9  percent  in  places  of  2,500  to  15,000 
population;  12.2  percent  in  places  of  15,000  to 
75,000  population;  7.3  percent  in  places  of  75,000 
to  400,000  population;  and  40.9  percent  in  Detroit. 


There  was  paid  into  the  highway  bond  sinking  fund 
the  fiscal  year  ending  1930,  $4,832,900,  and  in  the  fisc 
year  ending  in  1931,  $7,377,900.     It  is  obvious,  ther 
fore,  that  funds  in  excess  of  interest  requirements  a 
being  set  aside  annually.     Not  less  than  $3,000,000 
the  gasoline  tax  raised  must  be  used  for  the  payment 
interest  and  principal  on  State  highway  bonds,  and  fro 
the  motor-vehicle  licenses  an  additional  amount  for  tl 
same  purpose  of  $1,200,000.     Therefore,  even  thoug 
no  bonds  are  retired,  of  the  motor-vehicle  imposts  eac 
year  approximately  $1,700,000  at  the  minimum  are  s< 
aside   for  bond   retirement.     In   recent  years   sever, 
millions  have  been  advanced  from  the  highway  bon 
sinking  fund  to  the  project  for  the  relocation  of  tl 
Grand  Trunk  Railroad  right  of  way,  such  loans  to  t 
repaid  with  interest  in  accordance  with   the  statute 
Substantial  amounts  of  the  outstanding  State  highwa 
bonds  have  also  been  purchased  out  of  the  sinking  fun 
and  will  be  held  in  the  fund  until  time  for  their  retrn 
ment.     The  same  general  situation  applies  to  Stal 

sinking  funds  for  othe 
bonds  and  to  the  indebtec 
ness  of  many  communities 
in  Michigan.  Thus,  their 
are  large  sums  set  asid1 
and  dedicated  to  re  tin 
ment,  but  no  actual  cam 
cellation  of  the  obligation 
which  can  technically  h 
listed  under  debt  service 
In  some  cases  there  ii 
an  apparent  material  ret 
duction  in  indebtednes: 
when  actually  nothing  c 
the  kind  has  transpirec 
Enormous  obligations  i:i 
the  city  of  Detroit  wer 
paid,  but  were  replace' 
by  others  exceeding  thos 
which  were  retired,  i 
tabulation,  therefore 
showing  the  principal  paii 
on  debt  would  indicat 
that  the  State  go vernmen 
was  retiring  no  indebted 
ness,  while  actually  larg 
amounts  were  being  se 
aside  for  that  eventual  use,  and  that  the  city  of  Detroi 
was  making  a  material  reduction  in  its  obligations,  whe] 
actually  new  debts  were  being  incurred  of  the  sam 
nature  and  to  a  greater  extent  than  the  amounts  retired 

GENERAL  EXPENDITURES   ANALYZED 

In  Michigan  in  1930,  $384,732,300  was  the  publi 
charge  levied  against  persons  and  property  within  th 
State.  For  the  same  year  the  public  expenditures 
excluding  principal  payments  on  bonds  and  payment 
into  sinking  funds,  amounted  to  $417,899,500.  Ther 
can  be  no  exact  balance  between  receipts  and  expendi 
tures.  Taxes  are  imposed  for  two  purposes.  The  firs 
is  to  defray  certain  current  public  costs.  The  second  i 
to  pay  public  debts  falling  due  which  were  incurred  t< 
finance  public  operations  in  prior  years.  A  furthe 
difference  in  addition  to  the  time  element  is  that  th 
imposts  shown  are  the  taxes  as  levied.  Itis possible  tha 
in  some  levies  comparatively  large  sums  may  reman 
delinquent  in  any  one  particular  year  although  even 
tually  practically  the  entire  amounts  will  be  collected 

The  funds  for  expenditures  come  from  current  taxe 
and  from  borrowings  both  in  the  form  of  temporary 
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loans  and  long-time  obligations.  There  are  also 
frequent  surpluses  or  balances  in  accounts  which  may 
be  used  for  current  undertakings. 

Thus  generally  the  funds  from  taxes  are  used  to  inert 
current  and  past  public  costs;  the  funds  for  current 
expenditures  are  derived  from  the  concurrent  taxes  and 
from  loans  to  be  repaid  in  the  future.  In  general, 
however,  public  financial  transactions  tend  to  change 
gradually,  and  there  is  not  a  great  difference  between 
the  total  taxes  imposed  for  a  given  year  and  the  total 
expenditures  within  the  same  year.  This  is  particularly 
true  of  the  less  complex  units  of  government. 

Of  the  total  of  public  expenditures  in  Michigan  of 
$417,899,500,  $105,177,100,  or  25.2  percent  of  the  total, 
was  expended  for  all  roads  and  streets. 

Included  in  this  total  are  the  costs  necessary  for  keep- 
ing all  public  highways  in  both  cities  and  rural  com- 
munities open  for  travel.  Highway  expenditures  are 
explained  in  great  detail  in  the  section  following  the 
discussion  of  expenditures  in  general. 

The  sum  of  $131,495,300,  or  31.5  percent  of  the  total, 
was  expended  for  education.  This  includes  the  common 
school  system,  institutions  of  higher  learning,  and 
libraries. 

The  sum  of  $164,966,900,  or  39.4  percent  of  the  tot  il, 
was  expended  for  general  public  benefits.  Included  in 
this  classification  are  all  costs  pertaining  to  protection 
of  person  and  property,  public  health,  recreation,  and 
such  items. 

For  other  governmental  purposes,  the  expenditure  was 
$16,260,200,  or  3.9  percent  of  the  total.  Under  the 
cost  of  government  are  included  only  the  executive  and 
legislative  departments.  Officials  such  as  sheriffs, 
State's  attorneys,  and  others  engaged  in  the  enforce- 
ment of  law  and  order  are  classified  under  the  public 
benefit  section. 

Table  11. — All  State  and  local  expenditures  in  1980  by  units  of 
government 


Total 
amount 

Per- 
cent 

Per  capita 

Expended  by- 

High- 
ways 

Edu- 
cation 

Public 

benefit 

Gov- 
ern- 
ment 

Total 

State 

$69, 141,  200 
68, 910, 300 
35,314,300 
15,581,300 
30, 146, 100 
38,  842, 000 
23, 847,  700 

136,116,600 

16.5 
16.5 
8.5 
3.7 
7.2 
9.3 
5.7 
32.6 

$6.86 
5.82 
5.02 
5.87 
7.41 
5.02 
3.74 

16.76 

$2.12 
.13 
20.01 
33.84 
20.92 
30.52 
26.71 
23.44 

$4.90 
7.68 
.'.id 
9.11 
14.  04 
20.69 
17.30 
44.50 

$0.40 
.60 
2.  35 
4.  12 
3.12 
2.30 
1.50 
2.07 

$14.  28 

Counties 

14.23 

Townships 

Places  up  to  2,500 

Places  2,500  to  15,000 

Places  15,000  to  75,000 

Places  75,000  to  400,000 

Detroit 

28.  34 
52.  94 
51.49 
58.  53 
49.  25 
86.  77 

Total 

417,  899.  500 

100.0 

21.72 

27.15 

34.07 

3.36 

86.  30 

Table  11  subdivides  the  total  of  all  the  expenditures 
within  the  State  of  Michigan  by  the  expending  agencj 

and  gives  in  addition  to  the  total  in  each  governmental 
unit  the  amount  per  capita  expended  for  every  purpo 

Table  12  summarizes  in  terms  of  percentages  many  of 
the  important  relationships  disclosed  by  the  study.  A 
careful  examination  of  this  table  will  disclose  manj 
interesting  facts  and  tendencies  in  Michigan  public 
expenditures.  The  first  major  division  of  the  table 
shows,  in  percentage  form,  the  expenditures  made  by 
each  unit  of  government  for  each  purpose.  The  State 
and  county  expenditures  were  primarily  for  highways 
and  public  benefits.  The  expenditures  of  the  munici- 
palities and  townships  were  primarily  for  public  benefits 
and  education.  The  expenditures  for  public  benefit 
are  greatest  in  the  areas  of  dense  population.  General 
jo\  eminent  costs  exerted  but  a  small  influence  upon  t  he 
total,  being  responsible  for  but  3.9  percent  of  all 
expenditures. 

The  second  division  of  the  I  .able  subdivides  by 
governmental  units  the  total  expenditure  for  each 
purpose.  It  can  be  seen  that  of  the  total  highway 
expenditures  the  major  portions  were  made  by  the 
State,  the  counties,  and  the  city  of  Detroit. 

Just  as  all  taxes  are  finally  paid  by  the  towmships  and 
urban  communities  of  the  State,  so  also  the  expenditures 
by  the  State  and  counties  are  made  either  in  or  for 
these  same  subdivisions.  Table  13  gives  the  per  capita 
total  expenditures  in  the  various  units  of  government 
made  both  by  their  governing  bodies  and  in  or  for  them 
by  the  State  and  counties. 

Table   13. — Per  capita  expenditures   by  purpose  in  the  several 
classes  of  place 


Expended  in— 

High- 
ways 

Educa- 
tion 

Public 
benefit 

Govern- 
ment 

Total 

Townships 

$43.  19 
14.00 
10.  43 
6.73 
5.65 
21.52 

$22. 14 
311.  15 
29.20 
32.75 
28.  v.i 
25.  00 

$12.92 
20.84 

33.98 
26.54 
58.70 

$3.29 
5.  22 

1.  20 
3.  23 

2.  22 
3.06 

$81.54 

Places  up  to  2,500... 

76.81 

Places  2,500  to  15,000 

70.46 

Places  15,000  to  75,000 

70.  69 

I'laces  75,000  to  400,000 

63.30 

Detroit 

108. 94 

Entire  State.— 

21.  72 

27.15 

34.07 

3.36 

86.30 

Table  13,  allocating  the  total  expenditures  among 
units  of  government,  is  comparable  with  table  3, 
allocating  total  taxes  in  the  same  general  manner. 
Subject  to  the  difference  previously  noted  as  to  the 
base  for  current  tax  levies  and  current  expenditures, 
it  is  possible  to  compare  directly  the  taxes  paid  by  the 
units  of  government  and  the  expenditures  made  within 
them.     These  facts  are  shown  in  table  14. 

Table  12. — Percentage  relationships  of  expenditures  by  purpose  and  by  units  of  government  in  1980 


Percentages  of  expenditures  of  the  units  of  govern- 
ment for  the  purpose  indicated 

Percentage   of  the   total   expenditures   for   each 
purpose  made  by  each  unit  of  government 

Unit  of  government 

High- 
ways 

Educa- 
tion 

Public 

benefit 

Govern- 
ment 

All  pur- 
poses 

Hish- 

ways 

Educa- 
tion 

Public 

benefit 

Govern- 
ment 

All  pur- 

State 

48.1 

IN    9 

17.7 
11.1 
11   1 
8.6 

19.3 

14.8 

.'i 
70.  (i 

62.  3 
62.  1 

54.  2 

34.3 
54.0 
3.4 
17.2 
27.3 
35.  4 
35.1 

2.8 
4.2 
8.3 
7.S 
6.0 
3.9 
3.1 
2.4 

100.0 
100.0 
100.  0 
100.0 
100.0 
100.0 
100.  0 
100.0 

31.6 
20.  8 
6.0 
l.G 
4.  1 
3.2 
1.7 
25.0 

7.8 

.5 

19.0 

7.6 
12.0 
15.4 

27.9 

14.4 

22.6 

.7 

1.6 

5.0 

8.3 

5.1 

42.3 

11.8 
17.  s 

is  II 

7.4 

11.2 
9.  l 
4.  5 

19.9 

1G.  5 

County 

16.5 

Townships 

-. 

Places  up  to  2,500 

3.7 

Places  2,500  to  15.000 

7.2 

Places  15,000  to  75,000 

9.3 

Places  75,000  to  400,000 

5.7 

Detroit _ 

51.3 

32.6 

Total 

25.2 

39.4 

3.9 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

m 
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Table  14. 


-Per  capita  valuation,  taxation,  and  expenditures  in 
1930 


Class  of  place 

Valua- 
tion 

Taxation 

Expend- 
itures 

Ratio  of 
per  capita 
expendi- 
tures to 
per  capita 
taxation 

Townships 

$1,424 
1,116 
1,333 
2,010 
1,768 
2,151 

$55. 97 
63.34 
77.46 
93.96 
82.  42 
94.82 

$81.  54 
76.81 
70. 40 
76  69 
63.30 

108.94 

1.46 

Places  2,500  or  less 

1.21 

Places  2,500  to  15,000 

.91 

Places  15,000  to  75,000 

.82 

Places  75,000  to  400,000 

.77 

Detroit 

1.15 

Average  for  State 

1,744 

79.45 

86.30 

1.09 

COMPARISON  OF  TAXES  AND  EXPENDITURES  SHOWS  SHIFT  OF 
FUNDS  FROM  URBAN  TO  RURAL  AREAS 

The  ratio  of  the  per  capita  expenditures  to  the  per 
capita  taxation  is  some  index  of  the  flow  of  funds  to  the 
less  populous  areas  from  other  communities.  For 
example,  the  expenditures  within  the  townships  were 
46  percent  greater  than  all  taxes  paid  by  them.  This 
does  not  necessarily  mean  that  the  townships  are  bene- 
fited to  this  extent.  When  direct  aids  are  paid  to  local 
authorities  and  are  expended  by  them,  such  as  is  the 
case  with  certain  school  funds,  there  is  a  distinct  bene- 
fit. On  the  other  hand,  the  construction  of  a  through 
highway  between  two  large  cities  may  be  of  more  bene- 
fit to  the  residents  of  the  urban  communities  than  to 
those  of  the  rural  districts  through  which  it  passes. 
The  ratios  also  are  in  some  cases  materially  affected  by 
expenditures  financed  from  borrowings.  This  causes 
the  difference  between  taxes  paid  and  expenditures  in 
certain  urban  communities  to  be  less  than  would  other- 
wise be  the  case. 

A.  somewhat  different  analysis  showing  the  relation- 
ships by  percentages  rather  than  by  per  capita  figures 
also  indicates  this  general  shift  in  funds.  (See  table 
15.)  In  connection  with  the  financial  data  are  given 
the  percentages  of  population  and  vehicle  ownership 
in  the  units  of  government. 

Table  15. — Distribution  of  population,  motor-vehicle  ownership 
property  valuation,  taxes  paid,  and  expenditures  made  in  the 
several  classes  of  place  in  1930 


Class  of  place 

Popula- 
tion 

Motor 

vehicle 
owner- 
ship 

Valua- 
tion 

Taxes 
paid 

Expend- 
itures 

made 

Townships 

Percent 

6.  1 
12.  1 
13.7 

10.0 
32.4 

Percent 
24.  (i 
7.5 
12.7 
13.7 
11.1 
30.4 

Percent 
21.0 
3.9 
9.3 
15.8 
10.1 
39  9 

Percent 

IS.  1 

4.8 
11.8 
16.2 
10.4 

as  ? 

24  3 

Places  up  tn  2,500 

Places  2,500  to  15,000 

5.4 
9  9 

Places  15,000  to  75.000 

Places  75,000  to  400,000  

12.2 
7  3 

Detroit.. 

40  9 

Total 

100.0 

100.0 

100  n 

100.0 

100  0 

HIGHWAY   EXPENDITURES 

In  dealing  with  highway  and  street  expenditures,  it 
is  important  to  distinguish  an  expenditure  made  under 
the  authority  and  control  of  a  governmental  unit  from 
an  expenditure  made  within  the  boundaries  of  the  area. 
For  example,  under  the  first  concept,  a  city  street 
expenditure  is  the  amount  expended  by  city  authorities; 
under  the  second  concept,  a  city  street  expenditure  is 
the  amount  expended  on  all  streets  within  the  city, 
whether  by  municipal  authorities,  the  county,  the 
State,  or  other  agencies.  It  is  believed  that  in  this 
summary,  in  the  expenditure  tables,  this  distinction 
has  been  made  sufficiently  clear  to  avoid  difficultv. 


Table  16  gives  the  total  amounts  expended  by  units  of 
government  upon  the  highway  systems,  and  also  the 
division  as  to  the  area  in  which  the  funds  were  expended. 

Table  16. — Highway  and  street  expenditures  in  1930 


Unit  of  government 


State  (State  system) 

County  (county  system) 

Townships 

Places  2,500  or  less 

Places  2,500  to  15,000 

Places  15,000  to  75,000.... 
Places  75,000  to  400,000- 
Detroit 

Total 


Expended  by  each 
unit  of  government 


Amount 


105, 177, 100 


Percent 


31.6 
26.8 
6.0 
1.6 
4.1 
3.2 
1.7 
25.0 


100.0 


Expended  on — 


Rural  roads 


Urban 


$27, 784, 000 
19, 764, 100 
6,  264, 400 


$5,441,000 
8, 421,  200 


53,  812,  500 


1,  726, 200 
4, 337, 200 
3,  330, 000 
1,  808,  800 
26,  300,  200 


51,  364,  600 


The  concept  of  highway  expenditures  in  this  survey 
differs  from  that  often  found  in  public  accounting. 
Only  those  expenditures  have  been  considered  as  high- 
way expenditures  which  pertain  directly  to  the  con- 
struction and  maintenance  of  the  roads  themselves. 
Often  any  expenditure  made  upon  or  near  a  street  or 
under  control  of  the  local  public  works  department  is 
considered  as  a  street  expenditure.  Therefore,  often 
the  cost  of  ornamental  lighting  systems,  sidewalks, 
sewers,  and  water  systems  are  shown  in  city  statements 
as  street  expenditures.  It  is  also  customary  to  omit 
from  public  expenditures  any  projects  financed  through 
special  assessments.  The  highway  expenditures  as 
shown  in  these  surveys  include  all  amounts  expended 
for  such  purposes,  whether  financed  from  general 
levies,  special  assessments,  or  specific  motor  vehicle 
imposts. 

Upon  all  Michigan  roads  and  streets  in  1930  there 
was  expended  a  total  of  $105,177,100.  The  total 
taxes  imposed  for  street  and  highway  purposes  in  the 
same  year  amounted  to  $111,853,900,  exceeding  the 
expenditures  by  $6,676,800.  Of  the  total  there  was 
expended  by  the  State,  $33,225,000,  or  31.6  percent; 
by  the  counties,  $28,185,300,  or  26.8  percent.  The 
townships  expended  $6,264,400,  or  6.0  percent,  and  the 
cities  the  remaining  $37,502,400,  or  35.6  percent. 
The  city  of  Detroit  was  responsible  for  $26,300,200  of 
all  street  and  highway  expenditures  made  within  the 
year.  This  is  the  division  of  expenditures  by  expending 
agencies. 

A  considerable  part  of  expenditures  by  the  State  of 
Michigan  and  by  the  counties  is  on  parts  of  and  for 
highway  systems  lying  within  village  and  city  limits. 
The  State  expended  $5,441,000  within  urban  commu- 
nities, and  the  counties,  $8,421,200.  If  these  amounts 
are  added  to  the  sums  expended  by  the  municipal 
authorities,  it  will  be  found  that  $51,364,600  was 
expended  upon  urban  streets  and  $53,812,500  on  rural 
roads. 

Table  17  gives  the  distribution  of  highway  and  street 
expenditures  in  1930  according  to  the  governmental 
agencies  providing  the  funds.  There  is  also  a  division 
between  those  expenditures  which  were  made  out  of 
current  tax  revenues  and  those  which  were  made  out  of 
loan  and  reserve  funds.  Federal-aid  payments  to 
Michigan  in  1930  amounted  to  $2,934,000.  Expendi- . 
tures  out  of  current  taxes  (including  Federal  aid) 
totaled  $85,390,900,  or  81.2  percent  of  the  total.  The 
sum  of  $19,786,200  was  expended  out  of  loans   and 
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Graphical  Summaki  of  Relations  Between  Highway  Taxes,  Travel,  and  Expenditures  in  Michigan  in  19.30. 
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Table  17.- — Funds  expended  on  the  several  highway  systems  and  the  city  streets  in  1980,  and  the  approximate  amounts  and  percentage', 
of  these  fimds  provided  by  imposts  made  by  the  various  governmental  units,  and  by  loan  and  reserve  funds 


Governmental  agency  providing  funds 

Total 

Percent- 
age of 
total  cur- 
rent tax 
funds 

Percent- 
age of 
total 
funds 

Highway  system  and  form  of  revenue 

Federal 
government 

State 

Counties 

Local 
governments 

State  trunk  system: 

$2, 934, 000 

$30,  291, 000 

$33,  225, 000 

38.9 

Total                                                 

2, 934, 000 
8.8 

30,  291, 000 
91.2 

33, 225, 000 
100.0 

31.6 

County  highways: 

$5, 059,  000 
16, 896, 300 

$5, 059, 000 
23, 126, 300 

$6,  230,  000 

27.1 

Total                                                                       

6,  230, 000 
22.1 

21, 955,  300 
77.9 

28, 185, 300 
100.0 

26.8 

Local  rural  (township)  roads: 

$2, 251,  300 
4,  013, 100 

$2, 251, 300 
4, 013, 100 

4.7 

Total                           

6, 264, 400 
100.0 

6, 264, 400 
100.0 

6.0 

City  streets  outside  Detroit:  ' 

$688, 100 
10, 514, 100 

$688, 100 
10, 514, 100 

12.3 

Total                   - 

11,202,200 
100.0 

11,  202,  200 
100.0 

10.6 

Detroit  streets:  ' 

$11,787,800 
14,  512,  400 

$11,787,800 
14,512,400 

17.0 

Total -.- 

26,  300, 200 
100.0 

26, 300,  200 

Km  i, 

25.0 

All  roads  and  streets: 

$5,  059, 000 
16, 896, 300 

$14,  727,  200 
29, 039, 600 

$19,  786,  200 
85, 390, 900 

$2, 934, 000 

$36,521,000 

100.0 

Total 

2, 934, 000 
2.8 

36,  521, 000 
34.7 

21,955,300 
20.9 

43, 766, 800 
41.6 

105, 177, 100 
100.0 

100.0 

1  Does  not  include  expenditures  by  State  and  counties  on  streets  which  are  part  of  the  State  and  county  systems. 


reserves;  of  this  amount  $11,787,000  was  indebtedness 
incurred  for  streets  in  Detroit. 

Of  the  funds  expended,  Federal  aid  accounted  for  2.8 
percent;  34.7  percent  came  from  State  imposts  (motor- 
vehicle  fees  and  motor-fuel  taxes),  and  the  remain- 
der from  the  taxes  levied  and  indebtedness  incurred  by 
the  counties  and  local  governments. 

The  State  highway  system  is  an  enterprise  supported 
jointly  by  the  United  States  and  the  State.  The  county 
highway  activities  are  carried  on  by  receipts  from  both 
State  and  county  revenues,  the  present  county  revenues 
being  about  two  and  one  half  times  the  funds  raised 
from  the  State.  These  State  funds  for  the  county 
system  are  given  directly  as  a  State  aid  toward  a  county 
program  over  which  the  State  exercises  no  jurisdiction 
except  such  advisory  services  as  are  requested.  The 
other  highway  systems  are  under  local  control  alone  and 
are  supported  by  local  funds.  Under  the  Covert  road 
act  parts  of  several  localities  and  even  counties  may  be 
consolidated  in  a  special  road  district  for  the  construc- 
tion of  a  specific  highway. 

COMPARISONS  MADE  BETWEEN  THAVEL  AND  EXPENDITURES 

The  facts  developed  by  the  Michigan  transport 
survey  6  furnish  the  basis  for  comparisons  between 
travel  and  expenditures.  So  far  as  the  totals  as  divided 
between  the  urban  and  rural  systems  are  concerned, 
both  travel  and  expenditures  were  almost  equal  in  these 
areas.  _  Fifty-one  and  two  tenths  percent  of  all  highway 
expenditures  was  made  upon  rural  roads,  and  these 
roads  carried  50.3  percent  of  all  of  tbe  traffic,  while 
city  and  village  streets  were  responsible  for  48.8  percent 

•  See  Public  Roads,  vol.  13,  no.  12,  February  1933. 


the 


of  the  expenditures  and  carried  49.7  percent  of 
total  traffic. 

This  rural  travel  may  be  further  subdivided  by  high- 
way systems.  Of  the  total  expenditure  for  highways, 
26.4  percent  was  made  upon  the  State  trunk  system  in 
rural  areas  (see  table  16).  These  same  highways  carried 
33.1  percent  of  the  total  travel.  Upon  the  same  basis, 
18.8  percent  of  all  highway  expenditures  was  made 
upon  rural  county  roads  which  carried  12.2  percent 
of  the  total  travel.  A  very  small  percentage  of  both 
expenditures  and  travel  is  chargeable  to  the  local  town- 
ship roads.  These  roads  cost  6  percent  of  the  total 
and  carried  5  percent  of  all  of  the  traffic. 

From  the  facts  ascertained  by  this  survey  and  by  the 
Michigan  transport  survey,  it  is  possible  to  express 
highway  expenditures  in  terms  of  cents  per  vehicle- 
mile  of  travel.  Here  again  it  is  necessary  to  distinguish 
between  different  classifications  of  highway  systems. 

Certain  routes  through  cities  are  partly  or  wholly 
under  county  or  State  jurisdiction  with  respect  to  high- 
way construction  and  maintenance.  In  most  cases 
expenditures  for  work  on  such  routes  are  made  directly 
by  county  or  State,  for  what  may  be  considered  county 
or  State  roads.  The  condition  is  exactly  the  same  as 
when  a  county  constructs  a  county  road  across  an 
individual  township,  or  when  the  State  builds  across  a 
particular  county.  From  this  point  of  view  these 
expenditures  are  properly  chargeable  to  county  or 
State  roads,  and  not  to  city  streets.  This  position  was 
taken  in  the  recent  report  on  the  Michigan  transport 
survey  already  referred  to,  and  certain  road  and  street 
costs  per  vehicle-mile  were  ascertained. 

It  is  interesting  to  note  that  if,  with  respect  to  city 
streets,  all  payments  by  counties  and  State  for  work 
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Table  18. — Expenditures  per  vehicle-mile  of  travel  in  1930 

the  several  highway  systems  of  Michigan,  as  determined   by  the 
Michigan  transport  survey  1 


Highway  system 


Township  roads 

County  roads  3 

Trunk  lines > 

City  streets 

Average,  all  highways 


Expendi- 
tures per 
vehicle- 
mile 


(  •«  Ills 

1.29 

2.  37 

1.05 

.78 


1.18 


Annual 
vehicle-mile; 

on  system 


484,647,365 
1,  191,399,05  i 
3,213,699,  ll(i 
1,830,371,675 


i  See  Public  Roads,  vol.  13,  no.  12,  p.  193. 

■  Entire  system,  including  portions  within  incorporated  areas. 


Table  19. — Exp(  m 

highways   in   1930,   as   determined   by   the    Michigan  fine 

survey 


Highway  system 


State  trunk  lines  ' 

County  roads  ' 

Township  roads 

l:rban  streets 

Average,  all  highways 


Amount 


1.66 
1.29 


l.i 


'  Does  not  include  portions  within  incorporate  1 


on  routes  through  cities  are 
classified  as  city  expendi- 
tures, the  general  relations 
of  the  unit  vehicle-mile 
costs,  though  altered,  are 
not  so  far  changed  as  to 
produce  substantially  dif- 
ferent conclusions.  The 
expenditure  per  vehicle- 
mile  for  township  roads  is 
unchanged.  The  corre- 
sponding expenditure  for 
county  roads  is  reduced; 
but  retains  the  same  rela- 
tive place.  The  expendi- 
tures for  city  streets  ob- 
viously rise  and  those 
for  State  highways  are 
decreased,  producing  a 
change  which  reverses  the 
relative  order  of  these  two 
items  but  which  does  not 
displace  either  with  respect 
to  town  or  county  expendi- 
tures. Table  18  gives  the 
expenditures  per  vehicle- 
mile  as  previously  pub- 
lished in  the  report  of  the 
Michigan  transport  sur- 
vey. Table  19  gives  the 
revised  figures  based  on 
the  alternate  method  of 
classifying  expenditures. 
Slight  differences  occur 
because  the  traffic  survey 
was  based  on  the  fiscal 
year  and  the  financial  sur- 
vey on  the  calendar  year. 
It  should  be  observed 
that  the  values  given  in 
tables  18  and  19,  based  on 
the  actual  expenditures  of 
a  single  year,  do  not  rep- 
resent the  true  annual 
cost  of  improving  and 
maintaining  the  several 
systems  of  roads  and 
streets.  However,  high- 
way expenditures  do  not 
vary  widely  from  year  to 


RELATIONS  ESTABLISHED  BETWEEN 
HIGHWAY  TAXES,  TRAVEL,  AND  EX- 
PENDITURES 

The  total  mileage  of  rural  highways  in  Michigan 
in  1930  was  85,080.  The  State  highway  system 
consisted  of  7,691  miles,  of  which  4,671  miles 
were  Federal-aid  highways.  The  county  high- 
way system  contained  17,175  miles,  and  the  local 
township  roads,  60,214  miles.  No  data  are  avail- 
able on  mileage  of  village  and  city  streets. 

Expenditures  on  the  State  highway  system  in 
1930,  including  portions  within  urban  areas,  were 
$33,225,000;  on  the  county  systems,  including 
portions  within  urban  areas,  $28,185,300;  on  the 
township  local  roads,  $6,264,400;  on  Detroit 
streets,  $26,300,200;  and  on  other  streets,  $11,- 
202,200.  Expenditures  on  all  rural  roads  were 
$53,812,500;  on  all  urban  streets,  $51,364,600. 

Of  the  total  property  taxes  expended  on  all 
roads  and  streets,  36.8  percent  was  expended  on 
county  trunk  highways,  8.7  percent  on  local 
township  roads,  and  54.5  percent  on  urban  streets. 

Of  the  total  motor-vehicle  taxes  and  imposts 
expended  on  all  roads  and  streets,  82.9  percent 
was  expended  on  the  State  trunk  system,  and  17.1 
percent  was  expended  on  the  county  trunk 
systems. 

Of  the  total  of  all  taxes  and  imposts  expended  on 
all  roads  and  streets,  rural  property  and  motor- 
vehicle  owners  paid  20.5  percent,  and  travel  by 
rural  vehicles  made  up  20.6  percent  of  the  travel 
on  all  roads  and  streets;  urban  property  and 
motor-vehicle  owners  paid  79.5  percent,  and 
travel  by  urban  vehicles  made  up  79.4  percent  of 
the  total  travel. 

Of  the  total  expenditures  on  all  roads  and 
streets,  48.8  percent  was  expended  on  urban 
streets,  which  carried  49.7  percent  of  the  total 
traffic  in  the  State;  26.4  percent  was  expended  on 
rural  State  trunk  highways,  which  carried  33.1 
percent  of  the  traffic;  18.8  percent  was  expended 
on  rural  county  roads,  which  carried  12.2  percent 
of  the  traffic;  and  6  percent  was  expended  on 
local  township  roads,  which  carried  5  percent  of 
the  traffic. 


vear.     For  this  reason  it  is 


believed  thai  the  1930  expenditures  per  vehicle-mile 
present  a  fairly  accurate  picture  of  the  relations  be- 
tween travel  and  expenditures  on  the  various  systems. 


.  hether   these  are   roads  in 

-1  reels    in    cities.      It  either 

those  cities  which  maintain 

died   by  the  highway  d 


CONSTRUCTION    AND    MAINTE- 
NANCE  EXPENDITURES   ON 

STATE  SYS  I  EM    SHOW  N 

The  total  expenditures 
by  highway  system-  in- 
clude construction  and 
maintenance  operations 
and  also  general  engineer- 
ing costs,  overhead, super- 
vision, and  interest,  upon 
highway  obligations.  The 
condition  of  local  records 
prohibits  the  division  in 
the  counties,  townships, 
and  cities  of  the  total  into 
construction  and  mainte- 
nance costs.  Such  a  clas- 
sification is  possible  only 
for  the  State  highway 
system.  Table  20  gives 
the  total  Slate  expendi- 
tures for  construction  and 
maintenance  on  Federal- 
aid  and  other  State  trunk 
highways,  and  the  distri- 
bution of  these,  expendi- 
tures between  rural  and 
urban  areas. 

The  construction  item 
is  significant.  The  place 
of  such  activities  changes 
from  year  to  year.  Al- 
though the  totals  lor  the 
system  tend  to  be  rather 
constant  from  year  to  year, 
the  amounts  expended  in 
any  particular  place  for 
any  short-time  period  may 
vary  greatly.  The  State 
construction  expenditures 
in  urban  communities  in 
L930  are  proportionately 
much  greater  witli  respect 
to  maintenance  costs  than 
in  rural  areas.  In  Michi- 
gan the  State  assumes  the 
responsibility  for  the  con- 
struction and  maintenance 
of  all  highways  designated 
as  the  trunk  system, 
town-hips  or  connecting 
awards  $2,000  per  mile  to 
such  streets  in  a  manner 
epartment,  or  the  depart- 
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Table  20. — Construction  and  maintenance  expenditures  in  1930 
on  the  Stale  trunk-line  system,  in  both  rural  and  urban  areas 
(interest,  engineering,  supervision,  and  other  undistributed 
overhead  costs  not  included) 


Construction 

Maintenance 

Construction  and 
maintenance 

Highway  system 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Amount 

Per- 
cent 

Per- 
cent- 
age of 
total 

Federal-aid  system: 

Kuril 

$12,675,300 
1,735,900 

$3, 347, 500 
310, 000 

$16, 022, 800 
2, 045, 900 

Urban ' 

Total -- 

14,411,200 

79.8 

3, 657,  500 

20.2 

18, 068, 700 

100.0 

60.3 

Other  State  trunk  high- 
ways: 
Rural 

6, 830, 100 
2,811,000 

2, 094, 100 
141, 700 

8, 924, 200 
2, 952, 700 

i  rbarj - 

!    

9,  641, 100 

81.2 

2, 235, 800 

18.8 

11, 876, 900 

100.0 

39.7 

Entire  State  system: 

19,  505, 400 
4,  546, 900 

5,441,600 
451,  700 

24, 947, 000 
4,  998,  600 

Total  

24, 052, 300 

80.3 

5, 893, 300 

19.7 

29,  945,  600 

100.0 

100.0 

i  Urban  extensions  of  highways  on  the  Federal-aid  system. 

merit  itself  pays  for  the  construction  and  maintenance 
of  a  20-foot  center  lane.  These  expenditures  shown 
as  State  highway  costs  in  urban  localities  include  all  of 
these  payments  by  the  State  for  the  city  portion  of 
the  State  system.  The  amounts  are  not  duplicated  in 
the  city  local  expenditures. 

STREET  AND  HIGHWAY  EXPENDITURES  COMPARED   WITH  TAXES 

All  the  highway  expenditures  are  made  within  the 
boundaries  of  the  several  classes  of  place,  and  all  high- 
way funds  come  from  these  same  places.  The  relation- 
ship between  the  taxes  paid  in  the  various  local  units 
of  government  and  the  expenditures  made  on  their 
highway  and  street  systems  is  shown  in  table  21. 

Table  21. — Comparison  of  street  and  highway  taxes  and  expendi- 
tures in  1930  by  places 


Class  of  place 


Townships 

Places  up  to  2,500 

Places  2,500  to  15,000.. 
Places  15,000  to  75,000. 
Places  75,000  to  400,000 
Detroit 

Total 


Street  and  highway 
taxes  paid 


Amount     Percent 


$24,  333,  700 
6,521,200 

12,  643,  700 
15,573,400 
10,  875,  000 
41,906,900 


111,853,900 


21.8 
5.8 

11.3 

13.9 
9.7 

37.5 


100.0 


Street  and  highway 
expenditures 


Amount 


$53,  812,  500 
4, 296, 900 
6, 104, 000 
4,  466,  600 
2,  737, 400 
33, 759, 700 


105, 177,  100 


Percent 


Ratio  of 
expendi- 
tures to 
taxes 


51.  2 
4.  1 
5.8 
4.2 
2.  6 

32.1 


100.0 


2.21 
.66 
.48 
.29 
.25 
.81 


The  street  and  highway  taxes  exceeded  the  street  and 
highway  expenditures.  The  reason  for  this  is  that  these 
taxes  are  levied  both  for  current  expenditures  and  to 
retire  indebtedness.  The  obligations  retired  during  the 
year  were  considerably  greater  than  the  new  indebtedness 
incurred  for  highway  purposes.  New  local  construc- 
tion, both  in  rural  and  urban  areas,  was  decidedly  less 
in  1930  than  in  the  few  years  immediately  preceding. 

The  comparison  of  expenditures  with  taxes  indicates 
a  decided  flow  of  funds  from  urban  communities  to  rural 
areas.  The  relationships  are  so  affected  by  the  policies 
of  the  larger  metropolitan  units  in  financing  their 
street  programs  out  of  current  levies  or  borrowings  as  to 
be  of  little  value  without  considering  the  influence  of 
these  urban  areas.     Table  21  would  seem  to  indicate 


that  sufficient  revenues  were  raised  in  Detroit  to  meet 
all  of  the  current  highway  expenditures  made  within  it. 
This  is  not  the  case.  Almost  $20,000,000  expended  on 
the  Detroit  street  program  in  1930  came  from  borrow- 
ings which  ultimately  must  be  added  to  tax  levies. 
Detroit  actually  contributed  $20,783,900  to  the  State 
and  county  highway  programs,  and  there  were  expended 
by  these  agencies  within  the  city,  $7,459,500.  Thus, 
the  flow  of  revenues  from  such  metropolitan  centers 
may  be  greater  than  a  mere  tabulation  of  current 
taxes  and  current  expenditures  would  indicate. 

TABLE  SHOWS  CONTRIBUTION  OF  TOWNSHIPS  AND  INCORPO- 
RATED PLACES  TO  CURRENT  TAXES  EXPENDED  ON  ROADS  AND 
STREETS 

The  funds  derived  from  taxes  levied  in  a  given  year 
are  used  to  defray  current  expenses,  to  retire  indebted- 
ness, and  to  establish  reserves  for  future  expenditure. 
Table  22  deals  primarily  with  that  portion  of  the 
taxes  levied  in  1930  for  streets  and  highways,  totaling 
$82,456,900,  which  was  used  on  the  current  program  of 
1930.  The  total  is  subdivided  into  imposts  on  general 
property  (including  special  assessments)  and  imposts  on 
motor  vehicles  (including  the  motor-fuel  tax).  The 
table  shows  the  amounts  contributed  by  taxpayers  in 
each  of  the  classes  of  place  to  current  expenditures  on 
State,  county,  and  township  roads,  and  urban  streets. 
It  also  gives  the  amounts  expended  on  each  system  out 
of  loans  and  reserves,  and  the  amount  of  Federal  aid. 

The  data  given  in  table  22  should  not  be  confused 
with  the  information  regarding  the  total  street  and  high- 
way levies  given  in  tables  6  and  7.  Thus  it  is  shown  in 
table  7  that  taxpayers  in  the  townships  were  charged 
with  21.8  percent  of  all  levies  for  streets  and  highways 
in  1930,  while  table  22  shows  that  taxpayers  in  the 
townships  contributed  20.5  percent  of  the  current 
taxes  expended  in  1930  on  streets  and  highways. 

Of  the  total  current  expenditures,  43.7  percent  came 
from  property  tax  levies,  34.7  percent  from  motor  ve- 
hicle imposts,  and  21.6  percent  from  loans  and  reserves 
and  Federal  aid.  The  property  taxes  expended 
amounted  to  approximately  46  million  dollars,  of  which 
36.8  percent  was  expended  upon  county  roads,  8.7 
percent  on  township  roads,  and  54.5  percent  on  city 
streets.  Of  the  motor-vehicle  imposts  of  approximately 
36}{?  million  dollars,  82.9  percent  was  used  for  State 
trunk  roads  and  the  remainder  on  county  trunk  roads. 
Most  of  the  borrowing  was  in  the  urban  communities, 
where  63  percent  of  all  of  the  new  indebtedness  was  in- 
curred. Included  in  the  general  property  imposts  are 
special  assessments.  In  Michigan  these  include  not 
only  levies  for  city  streets  but  also  large  amounts  for 
rural  construction.  The  distribution  in  table  22  is 
based  upon  highway  systems  administered  by  the 
various  authorities,  as  distinct  from  the  classification 
by  place  of  expenditure. 

The  information  given  in  table  22,  when  analyzed  with 
reference  to  other  data  brought  out  in  this  report,  leads 
to  certain  conclusions  regarding  the  relations  existing 
in  Michigan  in  1930,  between  the  following  factors: 

1.  Taxes  paid  for  highways  by  taxpayers  in  the 
several  classes  of  local  government  unit; 

2.  The  funds  expended  on  the  several  highway  sys- 
tems and  the  local  streets; 

3.  The  relative  contributions  by  motor-vehicle  own- 
ers in  the  several  classes  of  local  unit  to  the  total  travel 
of  Michigan  vehicles  in  the  State; 

4.  The  relative  amounts  of  travel  on  the  several 
highway  systems  and  the  local  streets. 
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Table  22. — Approximate  amounts  of  the  1930  taxes  and  imposts  upended  on  the  current  A 

to  highway  system,  type  of  tax,  and  class  of  local  unit  in  which  the  tax  was  paid 

IMPOSTS  ON  .1,  PROPERTY 


mi,  listed  according 


Highway  system 

Paid  by  taxpayers  in— 

State  trunk 

County  trunk 

Tnw  oship  local 

Urban  strei 

All  highways  and  sin  i 

Amount 

Percent 

Amount 

Percent 

Amount 

Percent 

Amount 

Percent 

Amount 

Percent 

Percent- 
total 

Townships 

$5, 812, 400 
844,800 
1,790.911(1 
2,  150, 000 
1,182,700 
4, 815,  500 

61.3 

29.  7 
32.  5 
12.  4 
39.  5 
24.9 

$3,  675, !« HI 

268  ' 

68,  300 

9.  5 
1.2 

$9,  188,300 

19,  900 

5,508,300 

100.0 

l 

100  (i 

20. 6 

('..  2 

Places  2,500  or  less 

$1,  721 
3,  649,  100 
3,330,000 
1,808,800 

14,512,400 

60.8 
66.3 

57.fi 
00.5 
75  1 

I'l    IM            '       '    ""II 

I'l.MT       .      , 1.,     lOII.IIUH        . 

2, 991^500  i         n 

Detroit 

42.  1 

Total 

16, 896,  300 

36.8 

4,013,100 

8.7 

25, 026, 500 

100.0 

100.0 

IMPOSTS  ON  MO  !  OK  VEHICLES 

Townships 

$6,149,000 
2,211,200 
3, 756,  100 
4,240,700 
3,  453.  200 

10, 480, 800 

82.9 
82.9 
82.9 
82.9 
82.9 

$1,  264,  700 
454,  800 
772,  500 
872,  200 
710.200 

17.1 
17.1 
17.1 
17.1 
17.1 
17.1 

$7.  113,701) 
2,666,000 
1,528,600 
5,  112,  900 
4,  163,  100 

12,636,400 

100.0 
100.0 
100.0 
100  o 
100.0 
100.0 

7.3 
12.  1 

11  ii 

Places  2,500  or  less 

Places  2,500  to  15,000 

Places  15,000  to  75,000 

Places  75,000  to  400,000 

Detroit . 

82.9       2,155,600 

Total 

30,291,000 

82. 9       6.  230. 000 

17.1 

30,521,000 

100.0 

100.0 

ALL  IMPOSTS  AND  TAXES 


Townships _._ 

$6, 149, 000 
2, 211,  200 
3,  756, 100 
4, 240,  700 
3,  453,  200 

10,  480,  800 

36.4 
40.1 
37.4 
38.9 
48.3 
32.8 

$7, 077,  100 
1,  299,  600 
2,563 
3,322,200 
1,  892, 900 
6,971,100 

41.9 
23.  6 

25.  5 
30.5 

26.  4 
21.8 

$3,  675, 900 

.'lis,  Dllll 
68, 300 

21.7 
4.9 
0.7 

$16,90-2,  000 

5,505,', 

10,036,900 

111,  MIL', '.Hill 

7,154,900 

31,964,300 

100.0 

100.0 
100.0 
100.0 
100.0 
100.0 

20.5 

0.7 
12.2 
13.  2 

8.7 
38.7 

Places  2,500  or  less 

$1,726,200 
3,  649,  100 
3,  330,  000 
1,808,800 

14, 512, 400 

31.4 
36.4 
30.6 
25.  3 
45.4 

Places  2,500  to  15,000 

Places  15,000  to  75,000 _ 

Places  75,000  to  400,000 _ 

Detroit 

Total _._ 

30,  291, 000 
2, 934,  000 

36.7 

23, 126,  300 

28.0 

4, 013, 100 

4.9 

25, 026, 500 

30.4 

82,  456,  900 
2.  934,  000 
19,786,200 

100.0 

100.0 

Federal-aid 

Loans  and  reserves 

5,  059,  000 

2, 251, 300 

11.4 

12,  475,  900 

63.0 

ioo.o  J.. 

Grand  total 

33, 225, 000 

31.6 

28, 185, 300 

26.8 

6,  264, 400 

6.0 

37,  502,  400 

35.6 

105, 177, 100 

100.0 

CONCLUSIONS 

1.  No  funds  raised  from  taxes  on  property  were  ex- 
pended on  State  highways. 

2.  Rural  property  paid  no  tax  for  urban  streets. 

3.  Of  the  total  tax  on  rural  property  expended  for 
highway  purposes — 

(a)  61.3  percent  was  expended  on  county  trunk 

highways ; 
(6)  38.7  percent  was  expended  on  local  township 

roads. 

4.  Of  the  total  tax  on  urban  property  expended  for 
highway  purposes — 

(a)  30.4  percent  was  expended  on  county  trunk 
highways,  including  portions  within  urban 
areas ; 

(6)  0.9  percent  was  expended  on  local  township 
roads; 

(c)  G8.7  percent  was  expended  on  urban  streets. 

5.  Since,  of  the  total  assessed  property  valuation  of 
$8,447,141,000,  21  percent,  or  $1,773,958,100,  was  rural 
and  79  percent,  or  $6,673,182,900,  was  urban— 

(a)  Expenditures   from   property    taxes    for   all 
highways  were  at  the  following  rates  per 
$100  valuation: 
Rural — 54  cents. 
Urban — 55  cents. 
(6)  Expenditures  from  property  taxes  for  county 
trunk    highways    were    at    the    following 
rates  per  $100  valuation: 
Rural — 33  cents. 
Urban — 17  cents. 


(c)  Expenditures  from  property  taxes  for  local 

township  roads  were  at  the  following  rates 
per  $100  valuation: 

Rural — 21  cents. 

Urban — 0.5  cent. 

(d)  Expenditures  from  property  taxes  for  urban 

streets   were   at    the   following   rates   per 
$100  valuation: 

Rural — no  tax. 

Urban — 37.5  cents. 

6.  Of  the  total  property  taxes  expended  on  all  roads 

and  streets — 

(a)  36.8  percent  was  expended  on  county  trunk 

highways; 

(b)  8.7  percent  was  expended  on  local  township 

Iliads; 

(c)  54.5  percent  was  expended  on  urban  streets, 

7.  Of  the  total  motor-vehicle  imposts  expended  on 
all  classes  of  roads  and  streets — 

(a)  Rural    motor    vehicle    owners    (resident-    of 
townships)  paid  20.3  percent,  and  travel 
by     these    same    rural    owners    made    up 
20.6    percent    of    the    total    travel    on    all 
classes  of  roads  and  streets; 
Urban  motor-vehicle  owners  paid  79.7  per- 
cent,   and    urban    vehicles   made   up  79.4 
percent  of  the  total  tra\  el. 
Of  the  total  motor  vehicle  imposts  expended 
(a)   82.9    percent    was   expended   on    State    trunk 

highways,  including  portions  within  urban 

.areas; 


(b) 
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'  Table  23. — Comparison  of  taxation  and  expenditures  in  Michigan  in  1930 


$1,000  in  taxes 


Residents  of— 


Townships- 

Places  2,500  or  less 

Places  2.500  to  15,000.. 
Places  15.000  to  75,000. 
Places  75,000  to  400,000 
Detroit 

Townships 

Places  2,500  or  less 

Places  2,500  to  15,000.. 
Places  15,000  to  75,000. 
Places  75,000  to  400,000 
Detroit 

Townships 

Places  2,500  or  less 

Places  2,500  to  15,000... 
Places  15,000  to  75,000. 
Places  75,000  to  400,000 
Detroit 


Pay- 

Si  28.  36 

32.61 

84,  82 

122. 14 

76.35 

289.  25 

23.31 

8.  35 

11.31 

16.  10 

13.06 

39.85 

7.  49 

18.  76 

23.  85 

14.31 

57.50 

In- 


General  property 
taxes,  $733.53. 


Motor-vehicles  taxes, 
$114.98. 


Miscellaneous     taxes, 
$151.49. 


$1,000  in  expenditures 


Division  by  purpose 


Education,  $314.6 


Highways,  $251.68. 


Public  benefit,  $394.75. 


Government,  $38.91. 


Subdivision  by  high- 
way system 


State  highways,  $79.50. 


County    trunk    high- 
ways, $67.45. 


Township  roads  $14.! 


Urban  streets,  $89.74... 


Source  of  expenditures 


Taxes  paid  in— 

Townships- 

Incorporated  places. 

Federal-aid 

Loans  or  reserves 


Taxes  paid  in— 

Townships.- 

Incorporated  places. 
Loans  or  reserves 


Taxes  paid  in — 

Townships 

Incorporated  places. 
.Loans  or  reserves 


Taxes  paid  in— 

Townships 

Incorporated  places. 

Loans  or  reserves 


Amount 


$14.71 

57.77 

7.02 


16.94 
38.40 
12.11 


.81 
5.39 


59.89 
29.  85 


Percent 


18.51 
72. 66. 
8.83. 


25.11 
56.94 
17.95- 


58.  6S. 

5.38 

35.94 


66.  73. 
33.  27' 


(b)  17.1     percent    was    expended    on     county 

trunk  highways,  including  portions  within 
urban  areas; 

(c)  None    of    these    funds    were    expended    on 

urban  streets  not  on  the  State  or  county 
systems. 

9.  Of  all  current  imposts  and  taxes  expended  on  all 
roads  and  streets — 

(a)  36.7  percent  was  expended  on  State  trunk 

highways ; 
(6)  28.0     percent    was    expended    on     county 

trunk  highways; 

(c)  4.9  percent  was   expended  on   local   town- 

ship roads; 

(d)  30.4  percent  was  expended  on  urban  streets 

by  municipal  authorities. 

10.  Of  all  current  imposts  and  taxes  expended  on  all 
roads  and  streets — 

(a)  Rural  property   and   motor-vehicle   owners 

paid  20.5  percent,  and  travel  by  rural 
vehicles  made  up  20.6  percent  of  the 
total  travel  on  all  classes  of  roads  and 
streets; 

(b)  City     and    village    property    owners    paid 

79.5  percent,  and  travel  by  urban  vehicles 
made  up  79.4  percent  of  the  total  travel. 

11.  Of  the  total  expenditures  (including  Federal 
aid  and  expenditures  out  of  loans  and  reserves)  on  all 
roads  and  streets — ■ 

(a)  48.8  percent  was  expended  on  urban  streets 
(including  portions  on  the  State  and 
county  systems),  and  urban  streets  car- 


ried 49.7  percent  of  the  total  traffic  in  the 
State; 
(6)  26.4  percent  was  expended  on  rural  State 
trunk  highways,  which  carried  33.1  per- 
cent of  the  traffic; 

(c)  18.8  percent  was  expended  on  rural  county 

roads,  which  carried  12.2  percent  of  the 
traffic ; 

(d)  6  percent  was  expended  on  local  township 

roads,    which    carried    5    percent   of    the 
traffic. 

FINAL  COMPARISON   OF  TAXES   AND   EXPENDITURES 

As  a  means  of  summarizing  the  general  taxation 
and  expenditures  in  Michigan  in  1930,  table  23  has 
been  prepared.  It  shows  a  comparison  between  the 
sources  of  $1,000  in  taxes  and  the  manner  in  which 
$1,000  was  expended,  and  is  based  on  tables  given 
previously  in  the  report.  The  comparison,  however, 
is  not  a  direct  one,  for  the  $1,000  unit  cannot  be 
identical  for  both  taxes  and  expenditures.  If  it  were 
desired  to  make  the  two  sides  of  the  tabulation  balance 
exactly,  as  in  the  case  of  a  true  balance  sheet,  it  would 
be  necessary  to  include  proceeds  from  bonds  and 
loans  on  the  left  of  the  double  line  and  principal 
payments  on  the  right,  as  well  as  to  make  due  allow- 
ance for  balances  carried  over  and  carried  forward. 
The  complete  figures  necessary  for  such  a  presentation 
are  not  available,  so  that  expenditures  as  given  cannot 
be  said  to  balance  receipts  from  taxes.  It  is  believed, 
however,  that  table  23  gives  a  helpful  picture  of  the 
relation  between  tax  money  received  and  actual 
expenditures  in  the  year  1930. 
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COTTON  MATS  FOR  CURING  CONCRETE 

REPORT  OF  TESTS  TO  DETERMINE  THE  EFFICIENCY  OF  COTTON  MATS  OF  VARIOUS    II IICKNESSES  FOR 

THE  PROTECTION  OF  CONCRETE  WHILE  CURING 


Prepared  by  the  Division  of  Tests,  United  States  Bureau  of  Public  Roads 


THE  IMPORTANCE  of  minimizing  temperature 
changes  within  concrete,  especially  during  the 
early  curing  period,  is  well  recognized.  In  con- 
nection with  this  problem  the  possibility  of  utilizing 
the  heat  insulating  properties  of  mats  made  up  of  sev- 
eral plies  of  raw  cotton  separated  by  loosely  woven 
cotton  cloth  has  been  suggested  and  samples  of  cotton 
mats  containing  3,  6,  and  9  plies  of  cotton  were  sub- 
mitted for  test  purposes  by  the  Texas  State  Highway 
Department.  These  mats 
measured  approximately  1, 
2,  and  3  inches  in  thick- 
ness, respectively.  Figure 
1  gives  a  general  idea  of  the 
construction  of  the  mats 
and  also  shows  the  number 
of  plies  of  cotton  in  each 
mat  as  received.  The  dry 
mats  showed  the  following 
average  weights  per  square 
foot: 

Pounds 

3  ply 0.  7 

6  ply 1.  2 

9  ply 1.  7 

Tests  were  conducted  by 
the  Bureau  at  the  Arling- 
ton Experimental  Farm  to 
determine  the  efficiency 
of  these  mats  for  curing 
concrete.  These  tests  in- 
volved two  separate  inves- 
tigations, one  a  study  of  the 
heat  insulating  value  of  the 
mats  when  applied  to  a 
concrete  surface  and  the 
other  the  ability  of  the  mats 
to  retain  moisture  within 
the  concrete  and  thus  pro- 
mote efficient  curing. 


TEMPERATURE  TESTS 

/•  irst  series. — In  order  to 


COTTON    MATS    EFFECTIVE    IN    HEAT    IN- 
SULATION AND  CURING  OF  CONCRETE 

Experimental  determination  of  the  efficiency  of 
cotton  mats  as  a  substitute  for  wet  burlap  in  the 
curing  of  concrete  reveals  the  following  facts: 

1.  Cotton  mats  were  proved  effective  in  provid- 
ing insulation  from  the  heat  of  the  sun's  rays. 
Under  the  conditions  of  the  tests,  the  24-hour 
temperature  range  under  cotton  mats  was  approx- 
imately 35  percent  of  that  which  occurred  in 
uncovered  concrete  and  about  60  percent  of  that 
in  concrete  covered  with  wet  burlap. 

2.  The  insulating  properties  of  various  thick- 
nesses of  mat  (ranging  from  1-ply,  about  one 
third  inch  thick,  to  9-ply,  about  3  inches  thick) 
appeared  to  be  about  the  same. 

3.  Modulus  of  rupture  tests  showed  that  cotton 
mats,  wet  once  and  placed  with  the  wetted  side  on 
the  concrete,  were  as  effective  in  curing  as  was 
double-thickness  burlap  kept  continuously  wet, 
the  curing  period  in  both  cases  being  3  days. 

4.  Cotton  mats  applied  dry  proved  less  effective 
in  curing  than  wet  mats  or  wet  burlap,  the  speci- 
mens developing  about  88  percent  of  the  strength 
of  those  cured  by  the  other  two  methods. 

5.  The  various  thicknesses  of  mat  used  ap- 
peared to  be  equally  effective  as  curing  agents  for 
concrete. 


determine  the  relative  pro- 
tection from  heat  absorbed  from  the  sun's 
afforded  to  concrete  pavement  slabs  by  the  cotton  mats, 
tests  were  conducted  in  which  the  surface  temperatures 
of  small  concrete  slabs  covered  with  these  and  other 
materials  and  exposed  to  the  ray-  of  the  sun  were 
measured  over  the  daily  temperature  cycle. 

Six  concrete  slabs  each  2  feet  square  and  6  inches 
thick  were  constructed  for  the  tests,  a  typical  paving 
mixture  being  used.     In  the  upper  lace  of  each  slab, 

203—33 


at  the  midpoint  and  one  fourth  inch  below  the  surface, 
a  copper-constantan  thermocouple  was  installed  to 
indicate  the  surface  temperature  of  the  concrete  during 
the  tests.  Three  of  these  slahs  were  covered  with  sec- 
tions of  the  three  thicknesses  of  cotton  mats,  while  for 
comparison  the  other  three  were  covered  as  follows: 
No  cover,  double  burlap,  and  a  bituminous  cutback 
coating. 
To  produce  a  greater  temperature  range  in  the  air 

surrounding  the  specimens 
than  would  he  possible  out 
of  doors  at  the  time  of  year 
at  which  the  tests  were 
made,  thus  simulating  sum- 
mer conditions,  an  insulated 
box  with  a  glass  cover,simi- 
lar  to  a  horticultural  cold- 
frame,  was  co  n  st  rue  ted. 
The  walls  of  the  box  were 
li  inches  thick  and  tilled 
with  sawdust.  The  box 
was  inclined  toward  the 
sun  at  an  angle  such  that 
the  sun's  ray  s  passing 
through  the  glass  cover  fell 
normally  upon  the  surface 
of  the  specimens.  The  ap- 
pearance of  this  box  and 
the  arrangement  of  the 
specimens  in  it  are  shown 
in  the  co\  er  picture  of  this 
issue  and  in  figures  li  and  3. 
The  first  observations 
were  made  on  March  28, 
1933,  the  slabs  being  2 
weeks  old.  The  evening 
before  the  o  bse  rv  ations 
were  begun  the  double  bur- 
lap covering  and  I  he  three 

cot  ton  mats  w  ere  removed 
from  the  frame,  laid  on  the 
ground,  and  sprinkled  with 
a  hose  for  .")  minutes.  The 
burlap  became  saturated 
at  once;  hut  the  natural  oils  in  the  cotton  fiber  made  the 
mats  very  water-repellent,  and  apparently  only  a  small 
amount  of  moisture  was  absorbed  during  the  prolonged 
sprinkling.  The  mats  were  placed  on  the  concrete 
with  the  wetted  side  up,  and  the  box  closed  up  imme- 
diately. Temperature  readings  were  begun  before 
daylight  the  next  morning  and  were  continued  through- 
out the  day  until  after  dark.  These  observations  in- 
cluded  the  temperature  in   the  concrete  of  each  of  the 
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six  slabs,  the  air  temperature 
within  the  box  as  indicated 
by  a  shaded  thermocouple, 
and  the  air  temperature  out- 
side the  box,  also  measured 
in  the  shade.  All  of  the  data 
obtained  in  this  first  series 
of  observations  are  shown  in 
figure  4,  while  hi  figure  5  the 
ranges  from  maximum  to 
minimum  temperature  for 
the  air  within  the  box,  the 
bare  concrete,  and  the  slabs 
covered  with  the  double  bur- 
lap and  the  three  thicknesses 
of  cotton  mat  are  given. 

Following  this  test  all  ni\  - 
ering  materials  were  thor- 
oughly dried  for  se vera  1  days, 
and  on  April  3,  1933,  the 
tests  were  repeated  with  all 
materials  assembled  in  a  dry 
condition.  The  data  from 
these  observations  are  shown 
in  figure  6  and  figure  7. 

It  will  be  noted  in  an  ex- 
amination of  the  data  that 
the  cotton  mats  were  very 
effective  in  reducing  the 
temperature  range  to  which 
the  concrete  under  them 
was  subjected  and  that  the  difference  in  effect  between 
the  three  thicknesses  used  was  small.    The  temperature 


Figure  1. — Structure  of  Cotton  Mats 


range  under  the  cotton  mats 
was  approximately  35  per- 
cent of  that  of  the  bare  con- 
crete and  about  60  percent 
of  that  of  the  concrete  cov- 
ered with  a  double  layer  of 
burlap. 

The  possibility  of  making 
use  of  the  cotton  mats  for 
the  protection  against  freez- 
ing of  concrete  exposed  to 
sudden  drops  in  tempera- 
ture is  recognized,  and  a 
series  of  laboratory  tests  is 
being  initiated  to  investigate 
their  value  for  this  purpose. 
The  heat-absorbent  prop- 
erties of  the  black  surface 
obtained  with  the  bitumi- 
nous coating  is  evident  in 
these  data.  It  will  be  noted 
that  there  is  relatively  little 
difference  between  the  tem- 
perature of  the  bare  concrete 
and  that  of-  the  slab  coated 
with  bitumen,  considerably 
less  than  has  been  found  in 
other  previous  tests.  This 
was  thought  to  be  due  to 
the  fact  that  the  concrete 
was  unusually  dark  in  color 
because  the  cement  employed  was  a  very  dark  blue- 
gray,  in  fact  almost  black,  and  raised  an  interesting 


Figure  2. — Exposure  Cabinet  Opened  to  Show  Arrangement  of  Test  Slabs. 
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Figure  3. — Cotton  Mats  Lifted  to  Show  Relative  Thickness  of  Each. 


question  as  to  the  effect  of  cement  color 
on  ^the  heat  absorption  of  concrete  pave- 
ments. Some  data  on  this  point  appear 
later  in  the  report. 

Taking  the  mean  temperature  of  the  bare 
concrete  slab  as  a  base  and  comparing  with 
it  the  mean  temperature  of  the  burlap-cov- 
ered slab  and  the  mean  temperature  of  the 
group  of  three  slabs  which  were  covered 
with  cotton  mats,  we  find  the  following 
relations: 


Covering 


Double  burlap  (damp) 
Cotton  mats  (damp).. 
Double  burlap  (dry).. 
Cotton  mats  (dry) 


Decrease 
in  tem- 
perature 
below 
that  of 
bare  con- 
crete 


12 
22 


This  comparison  gives  a  good  idea  of 
the  relative  protection  from  the  sun's  rays 
afforded  by  the  burlap  and  the  cotton  mats, 
brings  out  the  temperature-lowering  effect 
of  moisture  evaporation,  and  shows  that 
even  when  thoroughly  dry  the  cotton  mat 
provides  a  very  definite  thermal  protection 
for  the  slab. 

The  fact  that  there  was  so  little  dif- 
ference in  the  temperature  of  the  slabs 
under  the  three  thicknesses  of  cotton  sug- 
gested that  mats  having  less  than  three 
plies  of  cotton  might  be  effective. 


TIME 


Figure  4.     Effect  op  Various  Surface  Coverings  oh  toe  Temperati  he  of 
Concrete  Exposed  to  the  Sun's  Rays;    It    i     Madj    March  28,  1933. 
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40 

Figure  5.— 
Concrete 
to  the  Stj 


TwENTY-FoUR-HoUR    RANGE    IN    TEMPERATURE    OF 

Covered  With  Various  Materials  and  Exposed 
n's  Rays;  Tests  Made  March  28,  1933. 


this  question,  the  temperatures  of  slabs  covered  with 
1-,  2-,  3-,  6-,  and  9-ply  cotton  mats  with  the  wetted  side 
both  up  and  down  were  observed  over  a  complete  daily 
cycle  in  comparison  with  the  temperature  of  a  bare 
slab.  The  24-hour  range  for  each  of  these  is  shown  in 
table  1,  expressed  as  a  percentage  of  the  range  of  the 
bare  concrete  slab. 

Table  1. —  ?4-hour  ranges  of  temperatures  in  concrete  covered  with 
cotton  mats  of  various  thicknesses,  and  in  bare  concrete 


Covering 


2-1-hour  range 


Wet  side 
up 


Bare 

1-ply  cotton  mat 
2-ply  cotton  mat 
3-ply  cotton  mat 
G-ply  cotton  mat 
9-ply  cotton  mat 


Pen  i  ut 
i  100 
■10 
30 
35 
30 
32 


Wet  side 
down 


Percent 
'  100 
38 
30 
35 
37 
36 


1  Bare  concrete  slab  dry  in  both' cases. 

These  data  indicate  that  the  position  of  the  wetted 
surface  does  not  appreciably  affect  the  daily  tempera- 
ture range  of  the  concrete. 

Under  conditions  of  low  humidity  it  is  probable  that, 
if  the  upper  surface  of  the  mat  were  wet,  evaporation 
wrould  lower  somewhat  the  mean  temperature  below  the 
mat.  In  these  tests  the  exposure  cabinet  was  closed 
and  evaporation  was  limited,  so  that  it  was  not  to  be 
expected  that  a  difference  in  mean  temperature  would 


It  is  apparent  that  the  exposure  cabinet 
functioned  as  intended,  increasing  the  air 
temperature  range  about  50  percent  and 
creating  maximum  ah  temperatures  (in  the 
shade)  of  approximately  90°  F.,  at  a  time 
when  such  temperature  conditions  could 
not  be  even  approached  out  of  doors. 

Second  scries. — Because  of  the  opportu- 
nity which  was  afforded  to  obtain  additional 
data  on  this  important  subject  and  to 
answer  certain  questions  which  had  been 
raised  by  the  first  series  of  observations, 
additional  temperature  tests  were  made. 
The  procedure  followed  was  essentially  the 
same  as  that  previously  used,  and  the  points 
investigated  were: 

(a)  The  effect  of  placing  the  wetted 

side  of  the  cotton  mats  down, 
in  contact  with  the  concrete, 
instead  of  up. 

(b)  The  effect  of  using  fewer  plies  of 

cotton  in  the  mats. 

(c)  The  effect  of  the  color  of  the  cement 

on  the  temperature  of  the  con- 
crete. 

(d)  The  effect  of  certain  other  cover- 

ings. 
The  first  series  of  temperature  tests  were 
made  with  the  wetted  side  of  the  cotton 
mats  up,  as  would  be  the  case  if  the  mats 
were  placed  on  the  road  slab  and  then 
sprinkled  with  a  hose.  The  question  arose 
as  to  whether  the  insulating  effect  of  the 
units  would  be  different  were  they  wet  on 
the  lower  surface  only.  In  the  tests  which 
were    made    to    determine   the   answer   to 


TIME 


Figure  6. — Effect  of  Various  Surface  Coverings  on  the  Temperature 
of  Concrete  Exposed  to  the  Sun's  Rays;  Tests  Made  April  3,  1933. 
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Figure  7. — Twenty-Four-Hour  Range  in  Temperature  of 
Concrete  Covered  With  Various  Materials  and  Exposed 
to  the  Sun's  Rays;    Tests  Made  April  3,  1933. 

be  found.  Actually  the  mean  temperature  of  the  cov- 
ered slabs  was  approximately  80  percent  of  that  of  the 
bare  slabs,  irrespective  of  the  position  of  the  wetted 
surface  of  the  covering  mats. 

SINGLE-PLY  COTTON  MAT  PROTECTS  FROM  SUN'S  RAYS 

Two  new  mats  were  made  containing  1  and  2  plies  of 
cotton,  respectively,  but  otherwise  identical  to  the 
3-,  6-,  and  9-ply  mats  used  in  the  first  tests.  The 
temperature  ranges  for  slabs  covered  with  1-,  2-,  and 
3-ply  cotton  mats  over  a  24-hour  cycle  compared  with 
that  of  a  bare  slab  are  shown  in  figure  8.  These  data 
indicate  that,  so  far  as  heat  absorbed  from  the  sun's 
rays  is  concerned,  even  a  single  ply  of  cotton  oilers 
effective  protection.  The  difference  in  the  insulating 
value  of  the  various  thicknesses  of  cotton  mat  is  not 
shown  to  the  best  advantage  under  rapidly  changing 
temperature  conditions  such  as  those  to  which  a  con- 
crete slab  is  ordinarily  exposed.  While  the  additional 
insulation  offered  by  the  thicker  mats  creates  a  time-lag 
effect  which  is  perceptible  in  all  of  the  data,  it  would  be 
more  marked  if  the  time  during  which  the  temperature 
cycle  occurred  were  greater. 

EFFECT  OF  COLOR  OF  CEMENT  STUDIED 

Mention  was  made  in  the  report  of  the  first  series  of 
tests  of  the  fact  that  the  cement  used  in  the  construc- 
tion of  the  test  slabs  was  of  an  unusually  dark  blue-gray 
or  black  color,  and  it  was  suggested  that  this  dark  color 
might  affect  the  heat  absorption  by  the  concrete.  Two 
duplicate  slabs  were  constructed  identical  in  every  way 
except  as  to  the  color  of  the  cement.  In  one  a  pure 
white  and  in  the  other  a  light  gray  portland  cement 
were  used.  Because  of  the  influence  of  the  colors  of  i  he 
aggregate  the  resulting  color  was  about  the  same  in 
both  of  these  slabs.     However,  both  were  considerably 


lighter  in  color  than  the  first  specimens  made.  The 
slabs  containing  the  three  cements  when  exposed  to  the 
sun  (without  a  glass  cover)  showed  the  following 
temperature  range: 
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1  >ai  k  blui     i 

.".-■  ioi; 

Under  the  very  moderate  conditions  which  prevailed 
at  the  time  of  these  observations  t  he  concrete  containing 
the  dark-colored  cement  reached  a  maximum  tempera- 
ture 12°  to  14°  F.  above  that  of  the  concrete  containing 
the  light-colored  cements.  Since  .ill  three  reached  the 
same  minimum  temperature  this  difference  of  L2  to 
14°  in  the  maximum  value  also  represents  the  difference 
in  the  24-hour  temperature  range  between  slabs  made 
with  light  and  those  made  with  dark-colored  cement, 
under  the  conditions  which  obtained  at  the  time  of  these 
tests. 
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Figure  8. — Twenty-Four-Hour  Range  in  Temperature  of 
Concrete  Covered  With  1-,  2-,  and  3-Ply  Cotton  Mats 
\\i)  Exposed  to  the  Sun's  Rays;  Tests  Made  May  11),  1933. 

COTTON  CLOTH   AND  WHITEWASH   TRIED 

Because  of  the  opportunity   afforded,  observations 

were  made  of  the  effect  on  slab  tempera!  lire  of  two  other 
coverings  which  are  of  interest.  One  of  these  was  a 
relatively  thin  white  cotton  cloth  laid  directly  on 
the  surface  of  the  concrete  in  a  dry  state,  thus  repre- 
senting I  he  limiting  condition  in  the  reduction  in  thick- 
ness of  the  cotton  mats.  The  oilier  was  a  whitewash 
coating  given  the  bituminous  coated  slab.  The  tests 
of  these  coverings  were  made  in  the  exposure  cabinet 
under  glass. 

The  24-hour  temperature  range  for  these  two  speci- 
mens is  compared  with  the  range  for  the  bare  slab  and 
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one  covered  with  a  3-ply  cotton  mat  in  figure  9.  The 
range  of  the  slab  covered  with  the  3-ply  cotton  mat  is 
shown  to  be  10°  F.,  or  20  percent  less  than  that  of  the 
specimen  covered  with  the  cotton  cloth;  21°  F.,  or  35 
percent  less  than  that  of  the  bituminous  coated  white- 
\\  ,-ished  slab;  and  34°  F.,  or  47  percent  less  than  that  of 
the  bare  concrete  slab. 


Figure  9.- — Twenty-Four-Hour  Range  in  Temperature  of 
Concrete  Covered  With  Various  Materials  and  Exposed 
to  the  Sun's  Rays;    Tests  Made  April  24,  1933. 

tests  for  strength  and  moisture  loss 

First  series. — This  portion  of  the  report  presents  the 
results  of  a  series  of  tests  made  to  determine  the  flexural 
strength  at  28  days  of  mortar  specimens  cured  for  3 
days  under  3-ply,  6-ply,  and  9-ply  cotton  mat,  as  com- 
pared with  the  strength  developed  by  specimens  cured 
with  a  double  thickness  of  burlap  kept  wet  during  the 
same  period.  Measurements  to  determine  the  rate  of 
moisture  loss  occurring  under  the  various  coverings 
were  also  taken. 

The  following  methods  of  retaining  moisture  were 
studied: 

Double  thickness  of  burlap,  kept  wet  3  days. 
Double  thickness  of  burlap,  wet  once  when  applied. 
Three-ply  cotton  mat,  wet  on  one  side  when  applied. 
Six-ply  cotton  mat,  wet  on  one  side  when  applied. 
Nine-ply  cotton  mat,  wet  on  one  side  when  applied. 
Three-ply  cotton  mat,  dry  when  applied. 
Six-ply  cotton  mat,  dry  when  applied. 
Nine-ply  cotton  mat,  dry  when  applied. 


TEST  PROCEDURE  DESCRIBED 

Test  specimens  consisted  of  mortar  mixed  in  the  ' 
proportion  of  1  part  cement  to  2  parts  sand  by  weight, 
with  14  percent  water.  This  produced  a  mortar  of 
such  consistency  that  a  film  of  free  water  showed  on 
the  surface  of  the  specimens  shortly  after  molding. 
Tbe  specimens  were  approximately  11  inches  in  length 
by  6/o  inches  in  width  by  2  inches  in  thickness  and  were 
molded  in  water-tight  pans  of  sufficient  depth  to  take 
the  specimen  and  the  curing  mat.  Mats  were  applied 
after  the  specimens  had  been  exposed  to  the  air  of  the 
laboratory  for  approximately  2%  hours  after  molding. 

All  of  the  curing  mats  except  the  double  thickness  of 
burlap,  kept  wet  3  days,  were  cut  to  fit  the  pans  and 
the  edges  sealed  with  paraffin  to  prevent  moisture  loss 
except  through  the  top.  In  the  case  of  the  wet  burlap 
the  covering  material  was  cut  longer  than  the  speci- 
men and  the  free  end  was  immersed  in  water.  This 
provided  an  ideal  curing  condition  for  the  3-day  period. 
The  results  of  the  tests  made  with  this  mat  are  used  as 
the  standard  of  comparison. 

The  mats  which  were  applied  wet  were  thoroughly 
sprinkled  with  water  on  one  side  immediately  prior  to 
application.  They  were  applied  with  the  wet  side 
down.  The  same  comments  as  regards  the  penetra- 
tion of  mositure  into  the  mats  which  were  given  in 
connection  with  the  discussion  of  the  temperature  tests 
apply  in  this  case  also. 

At  the  end  of  72  hours  (3  days)  the  curing  mats  were 
removed.  The  specimens  were  weighed  and  then  al- 
lowed to  remain  in  the  pans  with  the  surface  exposed 
to  the  air  of  the  laboratory  until  the  age  of  26  days. 
They  were  then  removed  from  the  pans,  immersed  in 
water  for  2  days  and  tested  for  flexural  strength  on  a 
9-inch  span  with  the  load  applied  at  the  center  of  the 
span.  The  slabs  were  tested  in  the  flat  position,  with 
the  upper  surface  (as  cast)  in  tension.  Changes  in 
moisture  were  obtained  by  weighing  the  specimens  at 
the  end  of  3,  10,  20,  and  26  days,  as  well  as  immedi- 
ately before  testing  at  28  days. 

Three  rounds  of  tests  were  run,  eight  specimens  to 
each  round,  making  a  total  of  24  specimens. 

The  results  of  these  tests  are  given  in  tables  2  and  3 
and  in  figures  10,  11,  and  12. 

Table  2  gives  the  percentage  of  moisture  retained  by 
each  specimen  at  3,  10,  20,  26,  and  28  days,  as  com- 
pared with  the  original  water  content.  Average  results 
for  the  three  rounds  are  shown  graphically  in  figure  10. 
Figure  11  gives  the  3-day  test  data  in  bar  diagram 
form  to  facilitate  comparisons  with  the  strength  data. 

The  results  of  the  individual  strength  tests  are  shown 
in  table  3,  with  the  average  results  expressed  also  as 
percentages  of  the  strength  developed  by  the  use  of  the 
double  thickness  of  burlap  kept  wet  3  days. 

RESULTS  OF  TESTS  DISCUSSED 

In  figure  10  the  moisture  content  of  each  group  of 
specimens  at  3,  10,  20,  26,  and  28  days  is  shown.  In 
plotting  the  values  in  this  figure  as  well  as  in  figures 
11  and  12,  the  three  rounds  of  tests  have  been  averaged. 
In  figure  10  the  results  have  been  further  averaged  so 
as  to  give  for  each  condition  of  curing  the  average  value 
for  the  three  thicknesses  of  cotton.  This  was  done 
because  the  individual  points  were  so  close  that  they 
could  not  be  very  well  plotted  separately. 

From  figure  10  the  effectiveness  of  each  of  the  curing 
mats  is  immediately  apparent.     For  instance,  at  the 
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Table  2. 


-Percentage  of  original   water  content   of  sp> 
ages  indicated  (3-,  6-,  and  9-ply  mats)  ' 


Curing  method 

Specimen 
no. 

Percentage  of  orit'iiiil  n 
content  at  a 

llcr 

3 

days 

10 
days 

20 
day; 

26 
da  j 

28 

days 

1       I 

101.4 
98.1 
100.4 

90.4 
88.4 
90.2 

87.  6 

85.  3 
87  3 

86,  8 
84.9 

Mi.    1 

'.i7.  5 
93  8 

100.0 

V.I    7 

Mi  ; 

95.6 

1     i 

86.5 
84.7 
89.2 

82.1 
82.0 
85.1 

79.6 
79.  4 
82.  5 

78.  '.i 
78.7 
81   5 

99.  9 

92  5 



Si;    S 

83.1 

80.5 

7U   7 

97.  7 

1         I 

3-plv  mat,  wet  when  applied 

102.5 
99.6 
100.5 

91.7 
90.0 
90.7 

ss   ;. 
87.  I 
87.  8 

ST.  i; 

si;,  i 

86.  6 

'.IS,  ,ri 

95.  1 

95.  7 

100.9 

90.8 

87.8 

86  'i 

96.  5 

1     I 

6-plv  mat,  wet  when  applied 

100.3 
100.7 
102.  4 

90.3 
91.0 
92.0 

87.0 
87.  8 
88.6 

86.2 
87  2 
87.4 

96.4 
96. 8 

97.  4 

Average 

101.  1 

91.1 

87.8 

m;  ;i 

96.9 

1         I 

9-p!y  mat,  wet  when  applied 

100.6 
99.0 
101.2 

91.1 
90.0 
91.4 

88.3 
87.  0 
88.3 

87.4 
86   1 
87.0 

97.2 
95. 1 

'.id.  7 

Average 

100.3 

90.8 

87.9 

86.9 

96.  3 

{     I 

3-ply  mat,  dry  when  applied 

92.7 
91.  I 
92.0 

86.4 
85.8 
86.5 

83.5 
83.  1 
83.5 

82.  9 
82.  2 
82.3 

101.9 
93.  3 
97.  li 

Average .. - - 

91.9 

86.2 

83.4 

82.5 

97.6 

1     I 

6-plv  mat,  drv  when  applied. 

93.1 
91.3 
92.  7 

86.4 
86.0 

87.5 

83.9 
83.0 
84.7 

83.  1 

82.  7 

83.  3 

98.5 
95,  ■: 

'.)(',.  9 

Average 

92.4 

86.6 

83.9 

83.0 

96.9 

!     i 

9-ply  mat,  dry  when  applied 

93.5 
92.  2 
93.0 

86.8 
86.8 
86.9 

83.9 

83.  y 

83.  9 

82.8 
83  ii 
83.0 

96.  2 
100.  0 

94.8 

Average 

92.9 

86.8 

83.9 

97.0 

1  Curing  agents  removed  at  end  of  3  days,  and  specimens  cured  from  3  to  26  days 
in  laboratory  air.    Specimens  immersed  in  water  at  end  of  26  days. 

Table  3. — Results  of  tests  for  flexural  strength  at  the  age  of  28  days 
(S-,  6-,  and  9-ply  mats) 


Curing  method 


Burlap,  kept  wet.  3  days 

Burlap,  wet  when  applied... 
3-ply  mat,  wet  when  applied. 
6-ply  mat,  wet  when  applied. 
9-ply  mat,  wet  when  applied. 
3-ply  mat,  dry  when  applied. 
6-ply  mat,  dry  when  applied. 
9-ply  mat,  dry  when  applied . 


Modulus  of  rupture,  in  pounds 
per  square  inch 


(1) 


904 


917 
910 
926 
808 
783 
841 


(2) 


893 
S14 
988 
919 
934 
'.l  19 
776 
799 


(3)      Average 


948 
801 
904 
919 
902 
756 
820 
812 


915 

MIS 

936 
916 
921 
828 

79:t 
817 


Strength 
ratio  ' 


1. 00 

.88 
1.02 
1.00 
1.01 
.90 
.87 
.89 


;  Percentage  of  strength  developed  by  double  burlap  kept  wet  3  daj  s, 

end  of  the  3-day  curing  period  the  specimens  cured  under 
burlap  which  was  kept  wet  and  those  cured  under 
cotton  which  was  wet  once  before  being  applied  showed 
moisture  contents  of  at  least  100  percent  of  the  original 
mixing  water.  This  applies  to  all  three  thicknesses  of 
cotton  mat.  In  view  of  the  fact  that  some  of  the 
original  mixing  water  was  lost  during  the  2}{  hours 
before  the  mats  were  applied,  this  means  that  the  speci- 
mens actually  took  up  water  from  the  mats  during  the 
3-day  curing  period.  The  burlap  which  was  wet  when 
applied  but  which  was  not  subsequently  wet  was  the 
least  effective  in  retaining  moisture,  the  specimens  at 
3  days  retaining  but  87  percent  of  the  original  mixing 
water.  The  mats  which  were  applied  dry  gave  inter- 
mediate results,  the  average  for  the  three  thicknesses 
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Figure   10. — Comparative   Moisture  Contents  of   Mortar 
Specimens  Cured   Under  Burlap  and  Cotton. 

being  92  percent.  The  relative  order  of  moisture  loss 
is  the  same  for  the  entire  dry-storage  period,  the  speci- 
mens continuing  to  lose  moisture  up  to  26  days.  How- 
ever, at  28  days,  after  2  days  immersion  in  water,  it 
was  found  that  the  relative  order  of  moisture  lossTiad 
been  reversed,  both  the  specimens  cured  under  burlap 
wet  when  applied  and  those  cured  under  the  dry  mats 
showing  slightly  higher  moisture  contents  than  the 
specimens  cured  under  burlap  kept  wet  and  the  mats 
which  were  wet  when  applied.  This  is  an  indication  of 
the  greater  curing  efficiency  of  the  wet  cotton  mats 
which  resulted  in  somewhat  denser  specimens,  lower 
moisture  loss  at  26  days,  and  less  gain  in  weight 
between  26  and  28  days. 

Figure  11  shows  the  relative  moisture  losses  at  'A  days 
in  bar  diagram  form.  Here  the  values  for  the  three 
thicknesses  of  mat  are  shown  separately.  The  arrange- 
ment of  this  chart  affords  a  good  opportunity  to  study 
the  relative  order  of  values  as  compared  with  the  burlap 
which  was  kept  wet  for  3  days  and  which  is  considered 
as  the  standard  for  comparison. 

Figure  12  shows  the  flexural  strength  at  28  days  for 
each  curing  condition  plotted  as  a  percentage  of  the 
flexural  strength  of  the  standard  cured  specimens 
(burlap  kept  wret  3  days).  The  order  of  values  agrees 
very  well  with  the  percentage  of  moisture  retained  in 
the  specimens  at  the  end  of  the  3-day  curing  period, 
indicating  a  rather  definite  relation  between  strength  and 
the  amount  of  curing  received  during  the   first   3   days. 

These  data  indicate  that,  from  the  standpoint  of 
strength,  the  3-ply,  6-ply,  and  9-ply  cotton  mats,  if  wet 
when  applied,  are  as  effective  from  the  standpoint  of 
curing  as  a  double,  thickness  of  burlap  kept  wet  for 
3  days.  Furthermore,  all  three  thicknesses  give  com- 
parable results  insofar  as  strength  is  concerned.  The 
results  also  indicate  that  curing  with  mats  applied  dry 
is  not  as  effective  as  when  the  mats  are  wet  before 
being  applied.  The  dry  mats  developed  only  88  per- 
cent of  the  strength  attained  when  they  were  applied 
wet,  which  was  about  the  same  relative  strength  as 
that  obtained  with  burlap  wet  once  when  applied. 

Second  serif-.*.-  -In  view  of  the  fact  that  the  3-ply  mats 
gave  as  good  results  from   the  standpoint  of  moisture 
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Figure  11. — Comparative  Moisture  Contents  of  Mortar 
Specimens  After  3  Days'  Curing  Under  Burlap  and 
Cotton;    First  Series 
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Figure  12. — Comparative  Strengths  of  Mortar  Specimens 
Cured  Under  Burlap  and  Cotton;    First  Series 

retention  and  strength  as  the  6-  and  9-ply  mats,  it  was 
deeided  to  repeat  the  tests,  using  mats  made  up  of  1 
and  2  plies  of  cotton.  In  order  to  tie  in  the  results  with 
the  previous  work,  tests  of  the  3-ply  mat  as  well  as  the 
double  burlap,  kept  wet  3  days,  were  repeated.  The 
same  test  procedures  were  followed  throughout  the 
supplementary  series,  the  only  variation  being  the 
thickness  of  the  mats. 

The  results  of  these  further  tests  are  shown  in  tables 
4  and  5  and  in  figures  13  and  14. 

Table  4  gives  the  percentages  of  moisture  retained 
by  the  cotton  mats  at  the  various  test  periods.  Com- 
parison with  table  2  will  show  that  the  values  are  almost 
identical  with  the  corresponding  values  for  the  3-, 
6-,  and  9-ply  mats  shown  in  table  2.  This  indicates 
quite  definitely  that  the  ]-  and  2-ply  mats  arc  just  as 
effective  in  retaining  water  as  the  3-ply  and  thicker 
mats,  within  the  limits  of  these  tests. 
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Figure  13. — Comparative  Moisture  Contents  of  Mortar 
Specimens  After  3  Days'  Curing  Under  Burlap  and 
Cotton;    Second  Series. 
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Figure  14. — Comparative  Strengths  of  Mortar  Specimens 
Cured  Under  Burlap  and  Cotton;    Second  Series 

In  table  5  the  flexural  strengths  of  mortar  specimens 
cured  under  1-,  2-,  and  3-ply  mats,  as  well  as  under 
burlap  kept  wet  3  days,  are  shown,  together  with  the 
strength  ratios  of  the  cotton-cured  specimens  in  terms 
of  the  strength  developed  by  the  burlap  cure.  The 
three  thicknesses,  it  will  be  noted,  all  show  substantially 
the  same  efficiency — that  is,  either  96  or  97  percent  of 
wet  burlap.  Reference  to  table  3  will  show  that,  in 
the  initial  series  of  tests,  the  3-ply  mats  as  well  as  the 
6-  and  the  9-ply  showed  about  100  percent  of  the  burlap 
cure.  Dry  mats,  on  the  other  hand,  only  gave  about 
90  percent  of  the  standard.  The  slightly  lower  ratio 
shown  by  the  3-ply  mats  in  the  second  series  (table  5) 
is  probably  due  to  the  somewhat  high  strength  devel- 
oped by  the  burlap-cured  standard  of  comparison  as 
compared  to  the  strength  obtained  in  the  first  series 
(table  3).  The  fact  that,  in  each  group,  the  strengths 
of  the  wet  mats  of  different  thicknesses  are  substantially 
the  same  leads  to  the  conclusion  that  for  all  practical 
purposes  the  1-  and  2-ply  mats  are  just  as  effective  as 

(Continued  on  p.  92) 
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IN  ORDER  to  place  a  comprehensive  statemen I  of  the 
relative  purchasing  power  from  year  to  year  of  the 
funds  made  available  for  highway  construction  at 
the  disposal  of  those  responsible  for  the  determination 
of  policy  in  this  field,  and  of  others  who  may  be  inter- 
ested, the  division  of  management  of  the  Bureau  of 
Public  Roads  has  prepared  indexes  of  such  consl  rue  I  ion. 
These  indexes  are  shown  in  figures  1  and  2. 

The  indexes  given  in  figure  I  show  the  trend  in  unit 
prices  for  excavation,  surfacing,  and  structures  over  the 
period  from  L922  to  L933  and  a  similar  price  trend  for 


inclusive,  as  the  base  period.  This  is  an  arbil  rary  selec 
lion,  though  it  produces  weightings  that,  as  an  expres- 
sion of  usage  of  materials,  are  about,  intermediate 
between  the  weightings  that  would  result  if  the  usage 
of  1922  or  the  usage  of  1931  hud  governed.  A  5-year 
base  period  was  used  in  order  more  accurately  to  re- 
flect the  influence  of  the  various  States  on  both  juices 
and  quantities. 

The  index  figures  here  shown  were  developed  on  the 


basis  of  the  average  cost  of  1  mile  of  hiel 


1.     Figure  2  gives  the  trend   same  ratios  of  use  as  were 


a  "composite  mile"  of  roa< 

of  the  usage  index  and  the 
cost  index  for  a  mile  of 
road  for  the  years  from 
1923  to  1931,' as  well  as 
the  price  trend  for  the 
composite  mile. 

It  is  well  known  that 
the  quantities  of  materials 
and  the  amount  of  work 
required  to  build  a  mile  of 
road  have  gradually  in- 
creased during  the  last 
dozen  years.  The  usage 
index  shows  this  trend. 
Since  the  price  index  is 
based  on  the  same  quanti- 
ties of  excavation,  surfac- 
ing, and  structures  for  each 
year,  it  does  not  give  a  t  rue 
picture  of  the  variation  in 
the  cost  of  road  construc- 
tion. The  cost  index  takes 
usage  into  account,  and 
therefore  shows  the  trend 
in  actual  cost  per  mile. 

In  the  determination  of 
these  indexes  it  was  neces- 
sary to  select  the  unit  in 
which  values  are  to  be  ex- 
pressed, the  classes  of  work 
to  be  included,  the  weight 
to  be  given  to  each,  and  a 
reference  base  period.  It 
was  decided  that  the  index 

figure  should  be  developed  on  the  basis  of  a  composite 
mile  of  highway  and  that  the  classes  of  work  to  be  in- 
cluded and   the  weights  for  each  should  be  as  follow,'-: 


I  for  I  of   units  of  grading,   surfacing,   and    struct 


ingiiw a v  composed 
structures  in   the 


INDEXES  SHOW  TREND  IN  COST  OF  HIGH- 
WAY CONSTRUCTION 

The  results  of  this  study  show  that  unit  prices 
for  highway  excavation,  surfacing,  and  structures 
declined  steadily  from  1923  to  the  second  quarter 
of  1932.  Since  that  date  a  definite  upturn  in  unit 
prices  has  been  noted.  The  combined  effect  of 
these  trends  is  shown  in  the  index  of  the  cost  of 
a  composite  mile  of  highway,  which  is  based  on 
the  assumption  of  equal  quantities  of  excavation, 
surfacing,  and  structures  per  mile  in  each  year. 
The  price  index  curves  are  shown  in  figure  1. 

The  quantities  of  work  and  materials  required 
per  mile  of  highway  have  increased  almost  con- 
tinuously during  the  years  from  1923  to  1931. 
The  variation  of  the  usage  index,  which  gives 
the  trend  in  the  cost  of  a  composite  mile  of  high- 
way, on  the  assumption  of  constant  unit  prices, 
is  shown  in  figure  2. 

The  cost  index,  which  takes  into  account  both 
the  decline  in  unit  prices  paid  for  excavation,  sur- 
facing, and  structures  and  the  increasing  quanti- 
ties of  these  items  used  per  mile,  is  also  shown 
in  figure  2.  Between  1926  and  1930  the  cost 
trend  was  upward.  In  1931  the  decline  in  price 
levels  was  felt  sufficiently  to  cause  a  drop  in  the 
cost  index  as  compared  with  that  of  the  previous 
year. 


Common  excavation      cubic  yards 

Pavement square  yards 

Reinforcing  steel..  pounds 

Structural  steel do 

Structural  concrete  cubic  vards 


17,  491 
3,  726 

16,  000 

I,  325 

68 


The  advantage  of  a  base  made  up  in  this  wav  lies  in 
the  fact  thai  it  measures  trends  by  means  of  items  that 
are  so  widely  and  so  frequently  used  thai  regional  i  rends 
in  price  as  well  as  national  trends  can  be  determined 
with  a  reasonable  degree  of  accuracy,  even  on  a  quarter- 
ly basis. 

It  was  decided  to  use  the  fiscal  years  1925  to  1929, 

!>(«— 33 — 2 


This   is   a    condition    bv 


found  in  the  highway  con- 
struction program  for  t  he 
years  comprising  the  base 

period. 

CHANGES  IN  CONSTRUCTION 
PRACTICE  MAKE  DETERMI- 
NATION OF  INDEXES  DIFFI- 
CULT 

In  the  presentation  of 
the  relative  purchasing 
power  from  year  to  year  of 
the  money  expended  in 
any  field,  a  fixed  base  from 
w  hich  to  measure  this  pur- 
chasing power  is  the  first. 
essential.  Actually  this 
requirement  cannot  be  met 
fully,  for  in  every  field  of 
human  endeavor  though 
the  physical  standards  of 
measurement  as  applied  to 
the  commodities  used  in 
this  field  remain  constant 
—the  methods  and  prac- 
tices by  which  I  hose  select 
ed  for  use  as  a  base  are  pro- 
duced change  constantly, 
often  radically.  This  is 
particularly  true  in  the 
highway  field  where  the 
development  w  h  ic  h 
taken  place  during 
past  !••  years  has 
both  extensive  and 
reaching, 
no    means    confined    to 


has 

the 
>een 
far- 


the 


highway  field.  It  is,  for  instance,  perfectly  apparent- 
thai    an    average    pair   of    shoes    is    not    the    same    thing 

today  that  it.  was  20  years  ago.  Though  it  is  equally 
true,  it  is  not  so  apparent  thai  even  a  pound  of  the 
leather  out  of  which  these  shoes  are  made  is  a  different 
thing  now  from  what  it  was  then.  The  processes  by 
which  it  is  produced  have  changed,  and  many  of  the 
chemicals  used   in   its  treatment  have  been   modified,  at 

least  as  to  the  methods  by  which  they  are  prepared. 

Any  number  of  additional  illustrations  of  this  situa- 
tion could  be  given  but  to  no  very  valuable  purpose,  for 
such  illustrations  would   merely   ;i*\<\   emphasis   to   the 

-I  a  lenient  already  made  that,  even  1 1 gh  the  apparent 

physical  aspects  of  the  commodities  which  are  selected 
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Figure   1. — Price  Trend  in  Highway  Construction  from   1922  to  1933.     Averages  for  1925  to   1929    Taken  as    Base 
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as  a  base  from  which  (o  measure  changes  in  the  pur- 
chasing power  of  money  remain  the  same,  these  com- 
modities are  nol  thereby  insured  a  constanl  internal 
composition  or  constancy  as  to  the  methods,  processes, 
and  practices  by  which  they  are  created.  Insofar  as 
either  their  internal  composition  or  the  methods  by 
which  they  are  created  are  altered,  they  necessarily  fall 
short  of  forming  an  absolutely  fixed  base.  However, 
in  an  age  thai  has  been  marked  by  rapid  changes  in  the 
materials  in  common  use,  to  say  nothing  of  changes  in 
the  methods  and  practices  used  in  combining  them  or 
the  machines  used  in  making  them,  the  multiplicity  of 
these  changes  precludes  the  possibility  of  const  rw<  ting 
any  base  which  altogether  avoids  them  and  so  remains, 
in  fact,  fully  constant  over  extended  periods  of  lime. 


power  of  the  mone^  spent  in  the  highway  held,  and  if 
is  believed  thai  :i  substantially  accurate  indication  oi 
tin'  relative  purchasing  power  of  the  money  used  in  n 
re  ults. 

In  further  comment  in  regard  to  this  matter  it  may 
be  remarked  that  if,  in  fact,  the  relative  purchasing 
power  of  the  money  spent  on  highway  construction 
differs  from  the  purchasing  power  as  indicated  by  the 
index,  there  is  every  reason  for  believing  it  to  be  slightly 
greater  than  as  shown.  This  statement  i-  based  on  the 
fact  that  I he  majority  of  the  changes  \\  Inch  have  I aken 
place  in  the  composition  of  the  units  thai  have  been 
used  in  establishing  the  index  is  in  the  direction  of  im- 
proved quality  or  increased  quantity,  or  of  both  As 
these   factors    tend    to    produce   extra    cost      seldom    to 


Figure  2. — Variation  in  Indexes  of  Highway  Construction  Cost  from  1923  to  1931.  Price  Index  Shows  Trend  in  Cost 
of  Composite  Mile  Composed  of  Same  Quantities  of  Kxcavation,  Surfacing,  and  Structures  in  Each  Year,  ['rage 
Index  Shows  Trend  in  Quantities  of  Excavation,  Surfacing,  and  Structures  Used  per  Mile  in  Each  Year.  <  ost 
Index,  Taking  Account  of  Usage,  Shows  Trend  in  Actual  Cost  per  Mile.  Averages  for  1925  to  1929  Taken  vs 
Base. 


In  the  highway  field  this  difficulty  must  be  faced  in 
a  somewhat  more  aggravated  form  than  in  other  fields, 
-nice,  in  addition  to  the  numerous  internal  changes 
which  have  taken  place  in  the  great  bulk  of  the  com- 
modities used  in  constructing  highways  there  have  been 
numerous  changes  in  the  physical  form  of  the  units  by 
which  highway  work  is  measured,  more  particularly  in 
the  paving  field.  To  illustrate,  in  concrete  paving  con- 
struction the  standard  unit  of  measurement  is  the  square 
yard  of  finished  pavement,  but  the  only  fixed  thing 
about  this  unit  is  its  liiiisbcd  area.  The  specifications 
that  govern  (lie  selection  of  all  of  the  materials  entering 
into  the  composition  of  the  completed  unit  are  subjecl 
to  frequent  changes,  usually  minor,  it  is  true,  but  never- 
theless changes.  The  proportions  in  which  these  male- 
rials  are  used,  the  amount  of  manipulation  that  is  re- 
quired, the  exactness  with  which  the  surface  must  be 
finished,  finally  even  the  thickness  of  the  pavement 
all  change  from  time  to  time. 

Admittedly,  this  is  rather  an  extreme  example  of  the 
instability  of  what,  in  theory,  should  be  stable  units, 
and  it  cannot  be  denied  that  (bis  sort  of  instability  sub- 
tracts something  from  the  authority  of  any  conclusions 
index  figures  would  otherwise  appear  to  justify.  Hut 
no  better  means  of  measuring  relative  prices  or  their 
reciprocal,  the  relative  purchasing  power  of  money,  is 
available  than  is  offered  by  the  commodities  wit  h  which 
an  industry  deals,  and  no  better  measure  of  I  hem  is  to 
be  had  than  the  units  on  which  business  transactions 
are  based.  These  units  have  therefore  been  used  in 
developing  an  index  to  show  the  relative   purchasing 


subtract-  from  the  cost  if  should  be,  and  probably  is, 
true  that  when  the  purchasing  power  of  money  is  rising 
their  effect  is  to  show  soinewhaf  less  of  a  rise  than 
acl  ually  (  akes  place,  and  thai  w  hen  I  he  purchasing  power 
of  money  is  falling  I  heir  effect  is  to  accentuate  the  fall. 

In  short,   the  elfecl   of  these  factors  has  been   a   little  to 

understate  rather  than  to  overstate  the  relative  pur- 
chasing power  of  the  money  used  in  the  highway  held. 

wkm;htin<;  the  influence  of  units 

Under  some  circumstances  an  index  figure  that  is 
based  on  unweighted  prices  appears  to  yield  results 
which  prove  entirely  satisfactory;  but  in  the  highway 
held  an  index  developed  in  this  way  would  be  open  to 
the  objection  thai  so  much  more  of  some  kinds  of 
material,  such  as  concrete,  is  used  than  of  others,  such 
as  steel,  thai  unless  the  amount  used  is  considered,  the 
index    is    likely    to    give    an    unreliable    indication    of 

relative  purchasing  power,  for  changes  in  price  seld 

affeel  all  commodities  in  the  same  degree.  It  is  not 
uncommon  for  some  commodities  to  rise  in  price  at  the 
same  lime  thai  others  arc  falling.  Then,  loo,  freight 
charges,  which  arc  a  large  factor  in  the  cost  of  some 
types  of  construction,  are  an  almost  negligible  factor 
in  I  he  cost-  of  others. 

To  illustrate  these  points:  If,  during  the  base  period 
and  during  a  succeeding  year,  prices  on  four  items 
have  been  as  follows,  the  use  of  the  unit  price  alone 
indicates  a  rise  in  the  index  number  that  is,  a  drop  in 
the    purchasing   power  of   the   money   expended. 
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C'nniTflte  p;ivernen'_ 
Brick  pavement. 
Macadam  surfacing 
Gravel  surfacing.  .. 

'I  otal 

Index  number 


[f,  instead  of  unweighted  prices,  a  weighting  based  on 
us(>  is  introduced,  the  result  may  be  quite  different,  as 
the  following  illustration  (weightings  assumed)  will 
indicate. 


( 'oncrelc  pavement 
Brick  pavement  ..  - 
Macadam  surfacing. 
Gravel  surfacing 


Total 

Index  number. 


Weight- 


it. i  e  s '  ;| 


Unit 
price 


$2  no 

3.  50 

1.00 

.  50 


Total 


$20.  no 
3.  50 
2.  00 
(i.OO 


31.50 

inn.o 


Another  year 


Unit 

price 


$1.90 
4.00 
1.15 

.40 


Total 


$19.  on 
4.  on 

2.30 
4.80 


30.10 
95.  5 


Where  the  number  of  units  on  which  an  index  is 
based  is  large,  and  more  particularly  when  the  index  is 
based  on  a  wide  variety  of  commodities,  the  unweighted 
index  is  perhaps  as  reliable  as  the  weighted  index;  but 
in  a  restricted  field  from  which  it  is  necessary  to  select 
a  limited  number  of  items,  weighted  figures  appear 
likely  l<>  yield  more  reliable  results  if  reasonably  accu- 
rate weightings  can  he  given  to  the  units  selected. 

In  theory  the  weighted  figures  and  the  unweighted 
figures  are  about  equally  responsive  to  general  price 
movements.  Periods  of  inflation  and  deflation  tend 
to  affect  all  commodities  about  alike,  and  their  effect 
should  be  made  about  equally  apparent  by  both  styles 
of  index  figures.  The  same  should  be  true  of  any 
general  alteration  in  wage  levels.  But  when  i  1  ■  comes 
to  the  matter  of  reflecting  the  effect  on  cost  of  such 
factors  as  overproduction,  underproduction,  more  com- 
plete mechanization,  and  improved  efficiency,  index 
figures  based  on  weighted  juices  have  a  distinct 
,ul\  antage. 

Changes  in  mechanical  devices  or  in  processes  and 
improvements  in  efficiency  -to  say  nothing  of  overpro- 
duction or  underproduction — cause  radical  changes  in 
price.  In  a  restricted  field  the  full  effect  of  changes  of 
this  sort  may  easily  be  overlooked  unless  weighted 
figures  are  used  in  developing  the  index;  for  each 
change  of  this  sort  is  likely  to  be  of  limited  application, 
with  the  result  that  while  in  a  broad  field  if  has  only  a 
limited  effect,  in  a  narrow  held  it-  may  have  either  a 
powerful  effect  or  almost  no  effect  at  all — the  result 
depending  on  whether  commodities  of  major  or  of 
minor  importance  in  that  field  are  affected.  For  the  e 
reasons  it,  has  been  thought  wise  to  use  weightings  in 
preparing  indexes  for  the  highway  construction   field. 

COMPOSITE  MILE  TAKKN   AS  BASIS  FOR  WEIGHTING 

If  weighted  figures  are  to  be  used,  a  basis  for  the 
weightings  must  be  determined.  After  some  study  it 
was  decided  that  a  composite  mile  of  highway  that  is, 
a  mile  in  which  the  total  yardage  of  surfacing  is  ap- 
propriately distributed  among  the  various  types  com- 
monly used,  and  to  which  average  amounts  of  grading, 
structural  concrete,  and  steel  have  been  assigned — would 


be  used  as  the  underlying  basis  for  all  weightings.  The 
Bureau's  records  (compiled  from  reports  of  State  au- 
thorities) of  State  highway  mileage  built  during  the 
years  from  1923  to  1931,  inclusive,  were  used  to  deter- 
mine the  component  types  of  surfacing  entering  into 
the  composite  mile  of  pavement. 

( )n  the  other  hand,  while  the  Bureau  has  satisfactory 
statistics  covering  such  matters  as  the  mileage  of  work 
completed  on  the  State  highway  systems  and  the  types 
laid  down,  no  records  of  such  matters  as  the  yardage  of 
excavation  handled,  the  yardage  of  concrete  used  in 
structures,  etc.,  are  available  except  for  the  work  in 
which  the  Federal  Government  has  participated.  The 
hack  of  information  of  this  sort  effectively  prevented 
the  development  of  weightings  wholly  based  on  the 
general  State  highway  practice.  Careful  considera- 
tion of  these  matters  led  to  the  conclusion  that  a  satis- 
factory result  might  be  attained  if  the  composition  of 
the  composite  mile  of  pavement  were  based  on  average 
usage  in  construction  work  on  the  State  highway 
systems,  and  the  amounts  of  the  correlated  items 
(grading,  structural  concrete,  and  steel)  were  based  on 
the  Bureau's  experience  on  Federal-aid  construction. 

The  propriety  of  determining  the  composition  of  the 
base  in  this  way  necessarily  depends  on  an  assumption 
that  practices  in  the  State  highway  field,  taken  as  a 
whole,  are  substantially  the  same  as  prevail  in  the 
somewhat  more  restricted  field  in  which  Federal  aid  is 
applied.  That  they  must  be  is  apparent  from  the  fact 
that  governing  specifications  are  the  same  in  both  fields 
and  that  design  is  by  the  same  organizations. 

To  further  emphasize  the  correctness  of  this  assump- 
tion, one  has  but  to  remark  the  fact  that  as  he  travels 
today  be  finds  nothing  that  will  afford  any  indication  as 
to  whether  Federal  aid  was  used  on  the  highway  at  the 
particular  point  where  be  happens  to  be  or  whether  it 
is  a  part  of  the  broader  field  the  State  has  covered  with- 
out Federal  assistance. 

As  a  result  of  this  decision,  the  following  items  were 
selected  for  inclusion  in  the  base  for  these  indexes. 
Their  further  adjustment  and  the  weightings  assigned 
to  them  are  considered  in  subsequent  paragraphs. 

From  the  Bureau's  Federal-aid  records: 
Excavation: 

Common 

Unclassified 

Rock 
Struct  tin  s 

Reinforcing  steel 

Structural  steel 

Structural  concrete,  class  A 

Structural  concrete,  class  B 

Structural  concrete,  class  C 

From  statistics  on  State  highway  mileage: 
Pavement: 

Gravel  and  sand-da  \ 
Macadam 

Bituminous  macadam 
Bituminous  concrete 
Portland  cement  concrete 
Brick 

These  items  cover  somewhat  more  than  90  percent 
of  the  total  cost  of  highway  construction.  Therefore, 
though  their  number  is  not  great,  it  would  appear  to  be 
adequate.  The  items  not-  used  involve  the  use  of 
about  the,  same  basic  commodities,  manufacturing 
processes,  transportation  problems,  and  the  same  classes 
of  labor  which  were  involved  in  the  items  used.  To  in- 
clude them  wTould  complicate  the  calculations  but  would 
neither  clarify  nor  improve  the  result. 
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MINOR  ITEMS  CONVERTED  INTO  EQUIVALENT  AMOUNTS  OF    Miimj 
IMPORTANT  ITEMS 

The  various  items  that  enter  into  a  composite  mile  of 
pavement  and  the  quantity  of  each  to  be  used  having 
been  determined,  a  question  naturally  arises  as  to  the 
distribution  of  these  items — that  is,  are  they  univer- 
sally and  frequently  used,  or  are  some  or  perhaps  mosl 
of  them  used  locally  or  regionally  and  infrequently?  If 
the  latter  is  the  ease,  can  substantial  accuracy  be 
obtained  if  the  items  which  are  used  locally  or  region- 
ally, and  on  the  whole  infrequently,  are  converted  into 
an  equivalent  amount  of  items  more  widely  used  but 
likely  to  show  similar  price  trends? 

In  answer  to  the  first  question,  it  has  been  found  that 
of  the  three  grading  items  common  excavation  is  widely 
used;  unclassified  excavation  is  considerably  used  but 
in  many  States  not  used  at  all;  and  rock  excavation, 
though  widely  used,  is  not  so  frequently  used  as  might 
be  supposed.  Allot' these  items  involve  about  the  same 
construction  practices  and  show  a  similar  price  trend. 
In  general,  the  price  of  unclassified  excavation  is  about 
one  and  a  half  times  the  price  of  common  excavation, 
while  the  cost  of  rock  excavation  tends  to  run  about 
three  times  the  cost  of  common. 

Tinier  surfacing  items,  examination  indicates  that 
gravel,  sand-clay,  and  topsoil  are  local  in  their  general 
aspects,  generate  little  freight,  and  in  construction 
methods  as  well  as  in  the  nature  of  equipment  used  are 
similar  to  grading  operations.  On  this  account  the 
natural  conversion  of  gravel,  sand-clay,  and  topsoil 
surfacing  is  into  units  of  common  excavation.  As 
macadam  and  bituminous  macadam  occupy  a  middle 
ground,  macadam  has  been  converted  into  grading 
units  and  bituminous  macadam  into  concrete  pave- 
ment, the  latter  type  having  been  selected  for  the  eon- 
version  of  all  of  the  higher  types  of  pavement.  These 
conversions  are  shown  in  table  8. 

In  this  way  the  3  grading  items  and  the  6  paving 
items  indicated  above  are  reduced  to  2  items,  common 
excavation  and  concrete  pavement,  the  weightings  of 
these  2  items  being  altered  to  reflect  the  influence  of 
the  various  items  that  have  been  dropped.  For 
similar  reasons  structural  concrete,  classes  B  and  ( ', 
were  merged  with  structural  concrete,  class  A. 

The  determination  of  the  primary  weightings  is  dis- 
cussed in  succeeding  paragraphs,  the  purpose  being  to 
indicate  the  methods  that  have  been  used  in  working 
out  these  weightings. 

Excavation. — After  it  had  been  determined  that  the 
primary  weightings  should  be  based  on  1  composite 
mile  of  highway,  that  the  years  1925  to  1020  should 
be  used  as  the  base  period,  and  that  the  units  should 
be  those  already  noted,  the  first  problem  that  required 
solution  was  the  amount  of  excavation  (grading)  to  be 
assigned  to  this  composite  mile. 

Three  conditions  required  evaluation:  First,  under 
the  Bureau's  policy  of  encouraging  stage  construction, 
a  considerable  mileage  of  road  is  graded  during  one  con- 
struction season  and  surfaced  during  some  subsequent 
construction  season.  During  the  earlier  years  in 
which  Federal  aid  was  granted  for  highway  construc- 
tion, this  policy  resulted  in  a  rapid  statistical  accumula- 
tion of  graded  and  drained  but  unsurfaced  mileage. 
Though  this  policy  has  not  changed,  the  rate  at  which 
graded  and  drained  roads  are  surfaced  is  more  nearly 
in  harmony  with  the  rate  at  which  new  grading  and 
draining  is  done. 

The  second  condition  to  be  evaluated  is  the  impor- 
tance  of    the    apparent    accumulation    of   graded    and 


drained  but  unsurfaced  mileage.  In  all  probability 
this  is  at  least  largely  a  statistical  accumulation,  aris- 

ing  IV the  fact  that  graded  and  drained  mileage  often 

is  surfaced  by  the  State-  without  the  assistance  of 
Federal  aid,  and  therefore  without  subtraction  from 
the  Bureau's  recorded  accumulation  of  unsurfaced 
mileage.  In  the  same  way  Federal  aid  is  often  used 
in  surfacing  roads  which  have  been  graded  and  drained 
without    the  assistance  of   Federal   aid. 

There  is,  of  course,  a  large  mileage  on  which  both 
the  grading  and  draining  and  the  surfacing  are  done  at 
the  same  time.  On  account  of  this  situation,  which 
for  various  reasons  does  not  lend  itself  to  a  more  exact 
solution,  it  was  decided  thai  the  whole  amount  of  the 
grading  done  during  the  base  period  would  he  allocated 
to  the  mileage  surfaced  during  that  period.  This  is, 
in  effect,  an  assumption  reasonably  accurate,  we  be- 
lieve- that  in  the  present  advanced  stage  of  our  con- 
st ruction  program  partially  completed  highways  are 
being  advanced  toward  completion  at  about  the  same 
rate  that  partially  completed  mileage  is  being  created. 

The  third  condition  that  has  to  be  evaluated  arises 
from  the  fact  that  the  Bureau's  accumulation  of  bid- 
price  data  is  not  quite  as  complete  as  its  data  on  mileage 
of  work  completed.  There  are  several  reasons  for  this. 
The  first  is  that  it  would  be  a  very  complex  statistical 
problem  to  so  adjust  the  number  of  units  entering  into 
the  Bureau's  bid-price  data  on  any  class  of  work  that 
at  the  end  of  the  year  these  units  would  total  to  an 
exact  agreement  with  the  mileage  of  pavement  built. 
As  such  an  agreement  would  add  nothing  to  the  value 
of  the  bid-price  data,  as  now  obtained,  no  effort  has 
been  made  to  bring  about  such  an  agreement. 

A  second  and  perhaps  even  more  important  reason 
for  the  fact  that  the  quantities  on  which  bid  prices  ha\  e 
been  obtained  differ  from  those  indicated  by  the  mileage 
constructed  is  found  in  the  fact  that  the  preliminary 
estimates  of  quantities  on  which  bids  are  taken  com- 
monly differ  somewhat  from  the  quantities  actually 
handled.  Finally,  it  is  probable  that  the  Bureau's  bid- 
price  data  does  not  include  quite  all  of  the  projects  on 
which  work  has  been  done. 

Structures. — The  development  of  a  highway  system 
always  requires  the  erection  of  a  good  many  structure-. 
principally  bridges  and  culverts.  In  the  development  of 
this  system  of  index  figures  the  structural  held  is  cov- 
ered by  the  inclusion  of  the  following  items:  Rein- 
forcing steel,  structural  steel,  and  structural  concrete. 
There  are  many  other  items,  such  as  pipe  (concrete,  casl 
iron,  corrugated  iron,  terra  cotta  I,  excavation  of  various 
grades,  special  work  on  handrails,  etc.,  that  this  list 
does  not  include;  but  it  does  include  the  items  of  greatest 
importance.  Most  of  the  excluded  items  are,  in  nature, 
quite  similar  to  those  that   are  included. 

Reinforcing  steel.  -Reinforcing  steel  is  a  componenl 
part  of  reinforced  concrete  pavement  and  of  structural 
concrete,  class  A.  It  may  or  may  not  be  used  in 
structural  concrete,  classes  B  and  C,  depending  entirely 
on  design  policy  and  its  application  to  specific  cases.  ( )n 
this  account,  as  a  matter  of  theory,  reinforcing  steel 
should  not  appear  a-  a  separate  item  in  the  list  on  which 
the  index  is  based.  In  practice,  however,  though  some 
Mates  include  reinforcing  steel  in  such  items  as  class  A 
concrete,  more  call  for  separate  bids  on  steel,  these  bids 
including  the  cosl  of  handling  the  steel  and  placing  it 
in  t he  finished  work. 

Bids  taken  in  this  way  may  not  indicate  whether  the 
steel  is  to  be  used  in  the  pavement  or  in  the  structure. 
On    this   account,    although    shown    as    an    item    in    the 
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structural  list,  a  part  of  the  total  is  in  the  nature  of  a 
correction  of  deficiencies  in  the  amount  included  in  the 
assigned  yardage  of  reinforced  concrete  pavement. 
In  view  of  the  fact  that  some  of  the  steel  known  to  be 
used  is  not  included  in  the  recorded  quantities,  the 
reinforcing  steel  component  in  the  base  was  taken  as 
16,000  pounds,  an  increase  of  69  percent  over  the 
average  quantities  reported  for  the  base  years  1925 
to  1929.     The  resulting  adjustments  are  shown  in  table  12. 

CORRECTION  FACTORS  APPLIED  TO  QUANTITIES  USED  IN  DETER- 
MINING UNIT  BID  PRICES 

The  fact  that  the  mileage  of  pavement  constructed  and 
the  number  of  units  of  grading  and  other  items  on  which 
average  bid  prices  have  been  recorded  are  not  in  agree- 
ment has  made  it  necessary  to  use  a  correction  factor. 
To  obtain  this  factor  it  has  been  assumed  that  the  proc- 
esses by  which  the  quantities  used  in  developing  unit  bid 
prices  are  accumulated  result  in  a  uniform  rate  of  under- 
estimate applicable  to  all  of  the  items  listed  (except  sur- 
facing items  based  on  tables  of  State  highway  mileage). 

As  concrete  pavement  appears  to  offer  the  best 
basis  for  determining  the  correction  factors,  it  has 
been  used.  The  Bureau's  records  of  the  mileage  of  con- 
crete roads  on  which  Federal-aid  funds  have  been  used 
are  complete  and  accurate.  To  convert  the  known 
mileage  into  an  equivalent  yardage  involves  a  knowl- 
edge of  average  widths.  The  division  of  design  has 
made  several  excellent  studies  touching  on  this  matter. 
From  the  data  given  in  these  studies  and  from  other 
known  facts,  it  appears  that  during  the  period  covered 
by  these  indexes  the  average  width  of  the  pavements  built 
has  increased  pretty  uniformly  at  the  rate  of  about  0.3 
foot  per  year  to  the  currently  prevailing  average  of  20  feet. 
On  this  basis,  the  recorded  mileage  of  concrete  pavemen  I 
has  been  converted  into  an  equivalent  yardage,  and  with 
this  yardage  as  a  base  the  correction  factors  to  be  applied 
to  the  grading  and  other  items  used  in  the  composite  mile 
(except  surfacing)  have  been  computed.  The  details  of  the 
development  of  the  correction  factors  are  given  in  table  1 . 


Table  1. — Factors  for  adjusting 

reported  quantities 

Year 

Miles 
of  con- 
crete 
pave- 
ment 
built  ' 

Width 

of  slab, 
in  feet 

Square 

yards 
per 
mile 

Square 
yards  of 
concrete 
pave- 
ment 2 

Square 

yards  of 

concrete 

pavement 

reported  3 

Cor- 
rection 
factor 

1923 

1,440.3 
1,667.9 
2.  806.  4 
2,660  0 

2,  284.  1 
3,114.6 
3,131.3 

3,  170.  3 

4,  540.  7 

17.6 
17.9 
18.2 

'  18.  5 
18.8 

«  19.1 
19.  4 
19.7 

<20.  0 

10,  325 
10,  501 
10,  677 
10,  853 
11,029 
11,205 
11,381 
11,557 
11,733 

14,871,097 
17,514,618 
29, 963, 933 
28,  868, 980 
25,191,339 

34,  899.  093 

35,  037.  325 
36,639,157 
53,  276, 033 

16,  192,245 

is,  750,  167 
20,713.  Ill) 
24,600,841 
23,548,060 
34,415,209 
26,402,583 
26,  118,498 
16,845,087 

90  17 

1924   

93  41 

1925   -. 

144  66 

1926 

117  35 

1927 

106  98 

1928.. 

101  41 

1929. 

1930--. 

134.98 
1 10  28 

1931 

113  73 

1  From  Federal-aid  records. 

2  Total  miles  multiplied  by  square  yards  per  mile. 

3  Bid-price  records. 

1  Widths  for  these  3  years  obtained  from  tables  compiled  by  the  division  of  design. 
From  these  figures  the  width  was  assumed  to  have  changed  0.3  fool  per  year. 


The  adjusted  quantities  (except  surfacing)  and 
quantities  per  surfaced  mile  are  shown  in  tables  2  an 

Table  3. — Quantities  of  construction  items  -per  surfaced  m 


Year 


1923. 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 


Mileage 

Excava- 

Reinforc- 

Structur- 

surfaced ' 

tion 

ing  steel 

al  steel 

Cubic 

yards 

Pounds 

Pounds 

6, 949.  3 

8,068 

5,491 

2,297 

7, 004.  7 

8,364 

7,329 

2,258 

9,217.8 

9,238 

8,044 

4,718 

8,  427.  6 

11,068 

8,334 

3,  I129 

7,  072.  9 

10,960 

7,  566 

3, 301 

7,917.6 

12,  545 

10,114 

4,953 

7,  049.  2 

17,028 

13,  329 

5,024 

6,  676.  4 

18,  946 

15,905 

7,7.50 

9,  061.  0 

22,  361 

18,  214 

12,216 

Stn  i 
al 
c:  : 


1  From  Federal-aid  records. 

Further  adjustment  in  the  quantities  of  reinforc 
steel  was  made  in  the  following  manner.  In  table  3 
find  the  average  quantities  per  mile  (after  applical 
of  the  correction  factor)  to  be  as  follows: 

Pounds 

1925 8,044 

1926 8,334 

1927 7,566 

1928 10,  114 

1929 1 3,  329 

Total 47,  387 

Average 9,  477 

As  stated  previously,  the  quantity  of  reinforcing  s 
was  increased  to  16,000  pounds  to  account  for  defici 
cies  in  the  reported  amounts.     The  adjustment  fac 

used  was      '        =1.6883.     The  adjusted  quantities 

shown  in  table  4. 

Table  4. — Adjustment  of  quantities  of  reinforcing  steel 


Year 

Quantity 
of  rein- 
forcing 
steel 

Adjust- 
ment 
factor 

Adj 

qua 

1923 

Pounds 
5,  491 
7,329 
8,044 
8,334 
7.  566 
10, 114 
13,329 
15,905 
18.214 

1.6883 

Poi 

1924 .       ...   

1 
1 
1 
1 
1 
1 
1 
1 

68S3 
6883 
6883 
0883 
6883 
i;ss3 
6883 
6883 

1925 

1926  

1927 

1928 

1929 

1930     

1931  - 

QUANTITIES  OF  PAVEMENT  TYPES  IN  COMPOSITE  MILE  BASEI 
REPORTS  OF  STATE  HIGHWAY  MILEAGE  BUILT 

The  composition  of  the  composite  mile  of  pavem 
is  based  on  mileage  tables  prepared  by  the  divisioi 
highway  transport,  from  reports  of  State  authorit 


Table  2. — Adjusted  quantities  of  construction  items,  based  on  quantities  shown  in  bid-price  tables 


Year 

Correc- 
tion 
factor 

Combined  excavation 

Reinforcing  steel 

Structural  steel 

Structural  cone 

Reported 

Adjusted 

Reported 

Adjusted 

Reported 

Adjusted 

Reported 

Adjl 

1923 . 

90.17 
93.41 
144. 66 
117.35 
106  98 
101.41 
134.98 
140.  28 
113.73 

Cubic  yards 
62, 178.  407 
62,  720,  726 
58,862,  196 
79,  483,  545 
72,  462, 022 
97,941,791 
88,  925,  066 
90, 169,  860 

178,155,572 

Cubic  yards 
56, 066,  270 
58,  587,  430 
85, 150,  053 
93,  273, 940 
77,  519,  871 
99, 322,  770 
120,031,054 
121,,  490,  280 
202,  616, 332 

Pounds 
42,318,786 
54,960,417 
51,253,859 
59,  852,  629 
50,020,271 
78,  963,  647 
69, 609, 347 
75, 695, 757 
145, 113,  073 

Pounds 
38, 158, 849 
51,  338,  526 
74, 143, 832 
70,  237, 060 
53,  511,  686 
80,  077,  034 
93, 958,  697 
106, 186,  008 
165,  037,  098 

Pounds 
17,  702, 791 
16,934,807 
30,  060,  422 
26,  058,  778 
21,823,280 
38,  668,  944 
26, 238, 148 
36,  884, 909 
97,  326, 093 

Pounds 
15,962,607 
15, 818, 803 
43,  494, 086 
30,  579, 976 
23,  346,  545 
39,214,176 
35,  416,  252 
51,742,150 
110,688,966 

Cubic  yards 
408, 798 
I9S.M9 
405,  029 

420,  582 

Ml.  Mil 

421,084 

581,439 

1, 126,  279 

Cubic 
3( 

1924 

4( 

1925 

5j 

1926 

5- 

1927 _   . 

4- 

1928 

5 

1929.        ...........   

1930 

8 

1931 

1  2i 
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The  reported  mileage  of  State  highways  completed  is 
shown  for  the  years  1923  to  1931  in  table  5. 

In  this  and  in  subsequent  tables  the  classification  of 
road  types  is  simplified.  Under  gravel  arc  included 
sand-clay  and  topsoil  roads,  as  -well  as  treated  and  un- 
treated surfaces;  water-bound  macadam  includes  both 
treated  and  untreated  surfaces;  bituminous  concrete  in- 
cludes sheet  asphalt;  and  under  brick  is  included  nil 
block  pavement. 

Table  5.- — Re-ported  mileage  of  State  highways  completed  in  the 
years  from  1923  to  1931,  compiled  from  reports  of  SlaU   i 
ities 


Year 

Graded 

and 
drained 

Gravel1 

Water- 
bound 

mac- 
adam 2 

Bitu- 
mi- 
nous 
mac- 
adam 

Bitu- 
mi- 
nous 
con- 
crete 3 

Port- 
land 

rrllirlil 

con- 
crete 

Brick 
and 
other 
block 
pave- 
ment < 

Total 

Total 
mile- 
age 

sur- 

1923 

Miles 
5,814 
5,957 
5,310 
7,1)1,(1 
7,151 
8,075 
7,451 
7,813 

10,  095 

Miles 
7,852 
9,045 
10,  005 
12,  272 
11,132 
10,  823 
14,582 
15,  300 
20,  573 

Miles 

1,017 
1,407 
1,144 

1.1  ISS 

1,707 
1,000 
1,042 
1,371 
1,453 

Miles 
990 
997 
1,000 
1,132 
1,105 
1,979 
1,  200 
1,270 
1,939 

Miles 
511 
084 
505 
400 
501 
598 
550 
097 
749 

Miles 
3,878 
4,  851 
4,975 
4,  403 
5,058 
0,  055 
6,991 
8,051 
9,004 

Mill  s 

235 
104 
110 
137 
09 
110 
100 
103 
1G1 

Mill  s 

20,  2".  17 
23,  104 

26,  552 
26,  723 
29,  252 
32,  522 

35,  277 

44,031 

Miles 

It  483 

1924 

1  7,  207 

1925 

17,836 

1920 

1927 

19,572 

1928 

20  577 

1929 

25  '171 

1930 

.'7    104 

1931 

34,  539 

1  Includes  sand-clay  and  topsoil. 

2  Includes  treated  and  untreated  macadam. 
1  Includes  sheet  asphalt. 

*  Includes  all  block  pavements. 


Table  6  gives  the  percentage  distribution  of  the  sur- 
faced mileage  by  types. 

Table  6. — Percentage  distribution  of  State  highway  mileage  sur- 
faced in  the  years  from  1923  to  1931 


Year 


1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 


Water- 

Bitu- 

Bitu- 

Port- 

Gravel 

bound 
macad- 

mi- 
nous 

mi- 
nous 

land 
cement 

Brick 

macad- 

Con- 

con- 

am 

crete 

crete 

Percent 

Percent 

Percent 

Percent 

Perec  nl 

I't ret  n( 

54.22 

7.02 

6.84 

3.53 

20.  77 

1.62 

52.50 

8.52 

5.79 

3.98 

28.19 

.  96 

50.  10 

0.41 

5.61 

3.  17 

27.89 

.  82 

02.90 

5.58 

5.81 

2.30 

22.59 

.70 

56  ss 

8.72 

5.65 

2.50 

25.  8 1 

.  35 

52.60 

4.89 

9.62 

2.90 

29   13 

.50 

58.10 

0.55 

4.79 

2.22 

27.  88 

.40 

55.73 

4.99 

4.65 

2.54 

31.50 

.  59 

59.50 

4.21 

5.61 

2.  17 

27.  '.is 

.47 

Total 


Perci  hi 
100.00 
100.00 

100  no 

UN).  00 
100.00 

111 I 

100.  00 

lull  on 
100  no 


The  conversion  of  these  percentages  into  the  yardage 
in  the  composite  mile  assignable  to  each  type  is  shown 
in  table  7.  It  will  be  observed  that  the  surfaced  yard- 
age in  the  composite  mile  varies  from  year  to  year,  as 
indicated  in  a  preceding  paragraph. 

Table  7. — Square  yards  per  surfaced  mile  assignable  to  each  type 
of  surfacing 


Year 

Total 

Gravel 

Water- 
bound 
mac- 
adam 

Bitu- 
minous 
mac- 
adam 

Bitu- 
minous 
con- 
crete 

Port- 
land 
cement 
concrete 

Brick 

1923 

Sq.  yd. 
10, 325 
10, 501 
10,  677 
10,853 
11,029 
11,205 
11,381 
11,557 
11,733 

Sg.  yd. 
5,598 
5,  519 
5,990 
6,833 
0,273 
5,894 
0,019 
0,441 
6,988 

Sq.  yd. 
725 
895 
684 
606 
962 
548 
745 
577 
494 

Sq.  yd. 
706 
WIS 
599 
630 
623 
1,078 
545 
537 
658 

Sq.  yd. 
365 
4  IS 
33.8 
256 
282 
325 
253 
2!  11 
255 

Sq  yd 
2,  76 1 
2. 'Hill 
2,  II7S 

2,  452 
2,850 

3,  297 
3, 1 72, 
3,010 
3,283 

1924 

ml 

192,5 

1926 

1927. _ 

1928 

39 

1929 

1930 

lis 

1931 

For  reasons  previously  explained,  gravel  and  water- 
bound  macadam  have  been  converted  into  an  equiv- 
alent yardage  of  excavation.  Similarly,  bituminous 
macadam,  bituminous  concrete,  and  brick  have  been 
converted  into  an  equivalent  yardage  of  concrete 
surfacing.  The  details  of  these  conversions  are  shown 
in  table  8. 

Table  8. — Equivalent  quantities  of  excavation  and  p< 


Equivalent  excava- 
tion in  cubic  yards 

Equivalent  Portland  cement  concrete 
pavement  in  square  \ a 

Year 

Gravel 

(0.0871)  I 

Water 

bound 
macadam 

Bitumi- 
nous 
macadam 

I 

Bitumi- 
nous 
concrete 

ID. sin;,, 

Brick 

(1.3581)  I 

Portland 

concrete 

1923__ 

3,  - 16 
2.  792 

i,  in; 

4,  695 
1,310 

4,  050 

4,548 
4,  420 

4,  Sill 

1.002 

1,  237 
945 
837 

1,329 
757 

1.1  I2H 

797 

083 

453 

3111 
385 
405 
400 
692 
350 
345 
423 

307 
351 
284 

215 
237 
273 
213 
217 
214 

227 
137 
120 
103 
53 
86 
02 
02 
75 

2  701 

1924 

1925 

2  452 

1920 

1927 

2,  850 
3  2*17 

1928 

1929... _ 

3  173 

1930 

3  040 

1931 

3.  283 

1  Conversion  factor. 


The.  adjustments  wrere  made  by  applying  the  ratios 
of  the  base  prices  as  used  in  the  computation  of  the 
price  trend.     These  ratios  were  as  follows: 


Gravel  to  excavation: 


0.235 


=  0.6871 


0.342 

Water-bound  macadam  to  crushed'stone  (2,350  cubic  yards  of 
crushed  stone  per  mile) : 

2,350      » <,.,.,- 
10,560 
Crushed  stone  to  excavation: 

1MH2105 

Water-bound  macadam  to  excavation: 

6.2105X0.2225=1  :;s  is 
Bituminous  macadam  In  portland  cement  concrete: 

Bituminous  concrete  to  portland  cement  concrete: 

'  -S,l,i         IX    i.    Ill- 

-^220  =  0-84°-J 
Brick  to  portland  cement  concrete: 
3.015 


2.220 


1.3581 


As  the  result  of  these  operations,  the'final  quantities 
per  surfaced  mile  are  as  shown  in  table  9. 

Table  9. — Final  quantities  per  mile 


ation  in  cubic 

yards 

Pavement  in  square 
yards 

a 

■^P 

a 

3 

3 

c 

'3 

'- 

Year 

> 

03 

t- 

o>  c3 

o 

OS 

O 

3X3 

o 

c 

II 

g 
oj 

0 

3 
*3 

a 

cjj 

a 

oi 

2g 

S 

a  a 

C. 

"3 

"a 

3 
3 
V. 

z>  ° 

£ 

o 

i-   o 

O 

o 

£ 

£ 

O 

£ 

j5 

■1. 

Cubic 

Pounds 

yards 

8,068 

1,002 

12,916 

453 

307 

227 

2.  764 

3,  751 

9,  270 

53 

1924 

8,364 

1,237 

13,393 

391 

351 

137 

67 

1925 

9,  238 

t,  in 

945 

14,299 

28 1 

2.  978 

2.707 

4,718 

64 

11,068 

I  695 

837 

16,600 

405 

103 

3,  175 

14,070 

1927 

10,960 

4.310 

1,329 

ii;,  .r,'.i)i 

400 

227 

12,773 

3,  301 

64 

1928 

12,  545 

1   I,  , 

757 

17.352 

092 

273 

Rfi 

3,  297 

1.348 

17,075 

1929 

17,028 

4.  54  s 

1,029 

22,605 

213 

62 

3,  1 73 

3,  798 

22.  503 

5,  024 

si 

1930.... 

18  'in 

I.  126 

707 

24,  169 

345 

217 

92 

1,640  1,324 

7,750 

122 

1931 

22.301 

4,801 

27,845 

422 

214 

75 

2.0.751 

12,211         11! 

88 
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Table   10. — Adjusted  average  bid  prices  for  common  excavation  ' 


Base  quan- 
tities 

Na- 
tional 
weight- 
ing 

1922 

1923 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

State 

Bid 
price 

w 

Bid 
price 

W 

Bid 
price 

w 

Bid 
price 

W 

Bid 
price 

W 

Bid 
price 

W 

Bid 
price 

W 

Bid 
price 

W 

Bid 
price 

W 

Cubic  yards 
8,  672, 13fi 

0.022 

Maine ... 

1,  237,  391 
620,  590 
1,371,532 
2,703,415 
1,  136,757 
1,602,451 

.003 
.002 
.003 
.007 
.003 
.004 

$1.23 
1.02 
1.01 
.92 
,  95 
.93 

0.  0037 
.  0020 
.  0030 
.  0064 
,0028 
.0037 

$1.52 

1.47 
1    28 
1 .  32 
1.28 

1.25 

0.  0046 
0029 
.  0038 
.0092 
.0038 
.0050 

$1.  23 
1.32 
1.29 
1.19 
1.00 
1.21 

0.  0037 
.0026 
.0039 

.0083 
.0030 
0048 

$1. 18 
.99 
1.  19 
1.12 
.92 
1.17 

0.0035 
.0020 
.  003(5 
.0078 
.  0028 
.0047 

$1.07 
1.  17 
1.20 
.81 
.90 
.75 

0.  0032 
0023 
.  0036 
.0057 
.0027 
.0030 

$1.00 
.93 
1.04 
.72 
.84 
.85 

0.0030 
.  0019 
.  0031 
.  0050 
.0025 
.0034 

$1.02 
.91 
.93 
.77 
.50 
.89 

n  nn:;i 
.0018 
.0028 
.0054 
.0015 
.0036 

$0.81 
.  65 
.73 

.77 
.42 
.73 

0.0024 
.0013 
.0022 
.0054 
.0013 
.0029 

$0.  65 
.51 
.69 
.48 
.42 
.59 

0  001 

New  Hampshire 

.001 
005 

Massachusetts.-     .  . 

Rhode  Island 

Connecticut 

oo; 

.001 
.002 

Middle  Atlantic.  

46,  955,  531 

.118 

21).  iiv  ;    195 
4,515,264 
22,  35(1,  872 

.051 
.011 
.056 

.91 
1.36 

1.10 

.  0309 
.0150 
.  0407 

.87 
1.52 
1.38 

nj'.ii; 
.11167 
.0511 

.92 

1.51 
1.33 

.0313 
.0169 

.  0192 

.84 
1.22 
1.16 

.0286 
.0134 
.0429 

.93 
1.04 

.88 

.  0316 
.0114 
.0326 

.66 
.82 

.99 

.0224 
.0090 
.  0366 

.64 
.84 
.79 

.0218 
.0092 
.0292 

.53 
.56 
.75 

.0180 
.0062 
.0277 

.54 
.65 

.77 

018 

New  Jersey 

Pennsylvania.  ...  .. 

.007 

(12- 

East  North  Central 

39,897,012 

.100 

Ohio..   

10,  498,  485 
4.  889, 953 
5,7:11.257 
6,  962,  724 

11,814,593 

.026 
012 
.014 
.018 
.030 

.65 
.  52 
.43 
47 
.40 

.  0169 
.0062 
0060 
.0085 
.0120 

.53 

.50 

.  Is 
.  59 

.57 

.0138 
.0060 
.  0067 
.  0106 
.0171 

.59 
.33 
.41 
.51 
.42 

.0153 
.  0040 
.  0057 
.  IK  192 
.0126 

.56 
.49 
.44 
.46 
.46 

.0140 
III  159 
.0062 
.0083 
.0138 

.56 
.40 
.40 
.45 
.42 

.0146 
.0048 
0056 
.  0081 
.  0126 

.46 
.43 
45 
.44 
.48 

.0120 
.  0052 
.  0063 
.0079 
.0144 

.49 

.41 
.41 
.42 
.44 

.0127 
.0049 
.0057 
.0076 
.0132 

.48 
.40 
.50 
.38 
.40 

.  0125 
.  0048 
.0070 
.0068 
.0120 

.45 
.38 
.34 
.30 
.33 

.011 

Indiana 

.004 
004 

Michigan 

Wisconsin  — 

.005 
.009 

West  North  Central 

103,60, 

.261 

23.  505,  790 
9,  209,  72s 

11).  2! IS.  517 

16,816,  188 
13,023,  156 
17,716,058 

13,  035. 645 

.059 
.  023 
.026 
042 
033 
.  045 
.  033 

.31 

.27 
.34 
.27 
.25 
.  25 
.42 

.0183 
,0062 
.  0088 
.0113 
.0082 
.0112 
.0139 

.31 
.  29 
.33 
.31 
28 
.  16 
.  39 

.0183 
.0067 
(lose, 
.0130 
.0092 
.0207 
.0129 

2(1 
.29 
.35 
.27 
.  25 
.24 
.39 

.  0153 
.  0067 
.0091 
.0113 
,0082 
.  0108 
.0129 

.25 
.23 
.38 
.28 
.21 
.23 
.33 

.0147 
.  0053 
.  0099 
.0118 
.0069 
.0103 
.0109 

.26 
.28 
.30 
.31 
.21 
.20 
.30 

.0153 
.  0064 
.0078 
.0130 
.  0069 
.0090 
.0099 

27 

'.h 

.32 
.30 

.20 
.19 

.27 

.0159 

,0099 
.0083 
.0126 

.  0066 
.0085 
.  0089 

.25 
.36 
.31 
.29 
.21 
.18 
.26 

.  0147 
nns:! 
.0081 
.  0122 
.  0069 
.0081 
mist) 

.32 
.36 
.  25 
.19 
.19 
.27 

.0147 
.0074 
.0094 
.0105 
.  0063 
.0085 
III  IS9 

.31 
.40 
.34 
.23 
.18 
.16 
.22 

018 

Iowa 

Missouri 

North  Dakota 

South  Dakota 

.009 
.008 
.009 
.005 
007 

Kansas 

.007 

25,  570,  554 

.  004 

Delaware.     

563,  300 
324,700 
3,000,533 
5,669,135 
3,896,910 
5,211,802 
5.  024, 754 
1,879,420 

.001 
.001 

0117 
.014 

.mo 

.  013 
.013 
005 

.83 

.72 
.  19 
.71 
.si 
.27 
.23 
.36 

.  0008 
.01107 
.0(121 
.0064 

.0081 
.0035 

.  0030 

B 

1.24 
.89 

.  57 
.  67 

.  IS 

.29 
.31 
.58 

.  0012 
.  11(11)11 
0028 
0060 
.  0048 
.  0038 
.0040 
.0029 

1.27 
.85 

.44 
.49 
.53 
.32 
.34 
.53 

.0013 

linos 
.  0022 
.0044 
.01153 
.0042 
.0044 
.  0026 

1.53 
1.02 

.65 
.69 
.55 
.39 
.36 
.56 

.0015 
.0010 
.0032 
.  0062 
.0055 
.  0051 
.0047 
.0028 

.75 
.74 
.50 
.56 
.49 
.31 
.35 
.48 

.0007 
.0007 
.  0025 
.  0050 
.0049 
.0040 
.0045 
.0024 

.64 
.63 

.41 

.  5(1 

38 
.33 

.29 
.37 

.  0006 
.  0006 
.  0020 
0045 
.0038 
.  0043 
.0038 

.(III1S 

.59 
.67 
.40 
.51 
.33 
.31 
.31 
.33 

.  0006 
.0007 
.0020 
.  0046 
.0033 
.0040 
.0040 
nun, 

.64 
.57 
.71 
.50 
.32 
.29 
.30 
.32 

.0006 
.  0006 
.0035 
.0045 
.0032 
.0038 
.0039 

.1)01(1 

.63 
.30 
.43 

.48 
.29 
.32 
.29 
.31 

oor 

oor 

Virginia 

West  Virginia 

North  Carolina 

South  Carolina 

Georgia 

Florida 

.005 
.004 
.002 
.004 
.005 
.001 

East  South  Central 

37,814,702 

.095 

Kentucky 

Tennessee 

13.903.434 
6,  486,  454 

12,596,256 
4,828,558 

.  035 
.016 

.  032 
.012 

.41 
.37 
.28 
.26 

.  0143 
,  0059 
.  0090 
.  0031 

.50 
.30 
.32 
.29 

.0175 
.0048 
.0102 
.  0035 

.42 
.44 
.30 

2S 

.0147 
.0070 
.0096 
.0034 

.36 
.36 
.28 
.33 

.0126 
.(II I5S 
.0090 
.0040 

.34 

.38 
.31 
.30 

.0119 
.0061 
.0099 
.0036 

.38 
.33 
.29 
.28 

.  0133 

.  0(153 

.0093 

.0034 

.41 
.44 
.27 
.28 

.0143 
.0070 

III  Nil 

.0034 

.36 
.33 

.27 
.26 

.0126 
.0053 
.0086 
.0031 

.38 
.34 
.25 
.26 

ni: 
.005 
.00? 

Mississippi 

no: 

\\  e  i  South  Central 

36,011,743 

.091 

Arkansas 

Louisiana 

'  iklahoma 

Texas.... 

6,  605,  424 

5,662,812 

2,055.775 

21,687,732 

.017 

.014 
.005 
.  055 

.21 
.28 
.26 
.  16 

.  0036 
0039 
.0013 

.miss 

.62 
24 

.27 
.  17 

.  0105 
.  0034 
0013 

.  0093 

.48 
.36 
.27 
.19 

.0082 

111)511 
.0013 
(11(11 

.23 
.19 
.16 
.19 

.0039 
.0027 

onus 
(Mill 

.26 

.52 
.26 
.21 

.  0044 
.0073 
.0013 
.0115 

.29 

.  IS 
.21 

.18 

.0049 

.  0025 

.0012 

0099 

.27 
.23 
.24 
.17 

.01)111 
.  0032 
.0012 

nun:; 

.25 
.27 
.23 
.18 

.0042 
.  0038 
.0011 

19 

.22 

.26 
.23 
.19 

on: 
.00.3 
.001 
.OK 

Mountain-    ..  ...  

59,  477.  256 

.149 

Montana 

Idaho 

Wyoming 

Colorado 

New  Mexico .. 

23,  225.  2X3 
3,602,469 
9,  009,  288 
7,355,863 
3,839,591 
3,092,928 
3,  570.  442 
5,781,392 

.  050 
.  009 
.  023 
.019 
.010 
.008 
.009 
.015 

.24 
.28 
.20 
.27 
.  28 
95 
.39 
.71 

.0134 
.  0025 
.  0046 
.  0051 
.0028 
.11017 
.  003.5 
.  (1071 

.37 
.33 
23 
.33 
.29 
1.10 
.45 
.74 

.  0207 
.  0030 
.  0053 
.  0063 
.0029 
.  0055 
.0040 
.0074 

.28 
.33 
.29 
.39 
.31 
1.11 
.42 
.74 

.0157 
.0030 
.  0067 
.0074 
.  0031 
.  0055 
.0038 
.0074 

.24 
.28 
.23 
.29 
.40 
.  79 
.25 
.53 

IP131 
.  0025 
.0053 
.0055 
.  0040 
.  0039 
.0022 

no.-,:, 

.25 

.25 
.20 
.32 
.27 
.35 
.31 
.44 

.ill  in 
.  0022 
.  0046 

.1)01,1 

.  0027 

.1)017 

.0028 

0044 

.29 
.32 
21 
27 
.  19 
.70 
.34 
.50 

.0162 
.0029 
.  0048 
.  0051 
.0019 
.0035 
.0031 
.  0050 

.25 
.32 
.23 
.31 
.23 
.50 
.36 
.26 

.0140 
.0029 
.0053 
0059 
.0023 
.0025 
.0032 
.0026 

.24 
.29 
.21 
.33 
.20 
.41 
.33 
.35 

.0134 
.  0026 

8 

.  0063 
.0020 
.0020 
.0030 
.0035 

.29 

.25 
.21 
.20 
.21 
.67 
.26 
.34 

.016 
.  HOC 
.004 

oo: 
.002 

Arizona 

Utah.. 

Nevada 

on: 
.002 
.003 

Pacific 

39.  670,  604 

.100 

Washington 

Oregon. _     _. 

11,907,  165 
8,  377,  200 
19,386,239 

.030 
.  021 
.049 

.45 
.37 

75 

.  0135 
.0078 
.  0247 

.48 
.37 
1.03 

.0144 
.  0078 
0340 

.41 
.35 

.  s2 

.0123 
.0073 
.0271 

.38 
.42 
.50 

.0114 
.  0088 
.  0165 

.29 
.37 
.55 

.0087 
.0078 
.0181 

.36 
.27 

.57 

.  0108 
.  01)57 
0188 

.38 
.40 
.51 

.0114 
.  0084 

urns 

.34 
.34 
.43 

.0102 
.0071 
.0142 

.25 
.27 
.45 

no; 
no: 

( 'alifornia. 

in  1 

United  States 

397,  074,  620 

1.000 

.4020 

.  4685 

.4289 

.3859 

.3639 

.  552  1 

.3371 

.3156 

.303 

1  Unclassified  excavation  predominates  in  N 
are  for  unclassified  excavation.     In  order 
weighting  values  for  these  States  as  used 
i  California,  0.033. 

BID    PRICES   ON   FEDERAL-AID    WORK    USED   IN    COMPUTATION   OF 
PRICE  INDEX 

The  final  step  in  the  preparation  of  index  numbers 
involves  the  application  of  prices  to  the  quantities 
selected  as  a  base.  All  prices  are  from  the  Bureau's 
records  of  bid  prices,  w^hich  prior  to  October  1931  cover 
Federal-aid  construction  only.  Since  that  date,  prices 
on  State  work  have  been  available  and  are  included  in 
the  averages. 

Throughout  the  highway  construction  field  varia- 
tions in  the  controlling  specifications  cause  prices  to  vary 


considerably  from  State  to  State.  In  a  general  wai 
prices  of  materials  and  labor  are  higher  in  the  Nortl 
than  they  are  in  the  South;  but  as  work  can  be  carriei 
on  throughout  the  whole  of  the  year  in  the  Soutl 
while  it  can  be  satisfactorily  handled  in  the  Nortl 
only  during  the  warmer  months,  the  regional  volunn 
of  work  awarded  is  not  uniform  from  month  to  month 
Neither  does  the  influence  of  these  two  very  genera 
regions  on  the  amount  awarded  remain  constant. 

To  avoid  the  effect  of  these  and  of  other  causes  whicl 
produce  variations  in  a  given  region  during  a  given  time 
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Table  10. — Adjusted  averagt  bid  prices  for  common  excavation     Continued 


Base  quan- 
tities 

Na- 
tional 
weight- 
ing 

1931 

1933 

Stale 

First 
quarter 

Second 
quarter 

Third 
quai  tei 

Fourth 
quarter 

quarter 

Second 
quai  tei 

Fourth 
quai  ti  i             quarter 

First 
quartei 

Bid 
pi  ice 

W 

Bid 
price 

W 

Bid 

in  ice 

W 

Bid 
price 

w 

Bid 

purr 

w 

Bid 
price 

\\ 

Bid 

pllrr 

W 

Bid 

pi  ice 

W 

I'.ol 

pure 

w 

Cubic  yards 
8,672,136 

[i  022 

1,237,391 
620,590 
1,371,532 
2,703,415 
1,  136,  757 
1,602,451 

.003 
002 

.003 
.007 
.003 
.004 

$0.  35 
.48 

.  .57 

19 

.35 

HO 

.0010 
.0(117 
0034 
.0010 
.0021 

$0.  55 
.33 
.47 
.43 
.2.5 
.50 

6 

0007 

mil  I 
.  1103(1 
.11(1(17 
.  0020 

$0.  IS 
.40 
.44 

70 

0.  0014 
0008 

.0013 
.HOLM 
0007 
0028 

-ii    15 
.  29 
32 

.27 
.22 
.40 

HO 

.0006 

OHIO 
.0019 
.0007 

.0016 

-ii    ; 
.  26 
.28 
21 
.20 
.  36 

0  0009 
.000.5 
.II0OS 

.  0017 

.0006 
.0014 

-o   (3 
.  32 
.  33 
.20 

.23 

.  42 

o  0013 

.0006 
.0010 

I 

.0007 
.11017 

-0     11 

.2.5 
.20 
.20 

.13 

0   0012 
000.5 
.0006 
.0011 
.0001 
.0010 

-0     ll 
.29 
.21 
.  l!l 

15 
.31 

0.0012 

.0006 
0006 

.0015 
III  101 

.0012 

SO    11 
0. 

.21 
.  26 
.33 
.38 

II    Mill" 

\.",\  Hampshire 

0000 
III  106 

Massai  husetts  

Rhode  Island 

Connecticut 

Mills 
.0010 

Middle  Atlantic 

46,  955,  531 

.118 

20,  083,  395 
4,  515,  264 

22,  5.50.  872 

.051 
.(111 
.  056 

.40 
.65 
1.75 

.  0136 
.11071 
.  0647 

MS 

.23 
1.39 

.0129       .35 
.0025  !     .22 
.0514  I     .71 

.0119 

.0024 
0263 

.50 
.  22 
.30 

.0170 

.  (1024 
.0111 

."i 
.20 
.45 

.11099 
0022 
.0166 

.24 

.16 

.  3.5 

.0082 
.0018 
.0129 

.  23 

.27 
.34 

0078 

.  0030 
.0120 

.  26 

.20 

.  36 

(loss 
0022 
.0133 

.30 
.20 

.37 

0102 

0022 

Pennsylvania 

.0137 

East  North  Central. 

39,897,012 

.100 

Ohio.... 

10,  4  9\  185 
4,  889,  953 
5,731,257 
6,  962,  724 

11,814,593 

.026 
.012 
.014 
.018 
.030 

.30 
.  29 
.32 

27 
].31 

.0078 
.0035 
.0045 
,0049 
.0093 

.32 
.30 
.30 

.25 
.30 

.  (1083 
.0036 
.0042 
.  (104.5 
.  0090 

'.  I 
27 
.  28 
.  20 
.  26 

.0088 
.0032 

0039 
.0036 

0078 

.26 
.21 
.21 
25 
.90 

COIN 

0029 

.11029 
.0045 
.0270 

.35 
.22 
.23 
.21 
.31 

.0091 

11026 

0032 
.0038 
.0093 

17 
.21 
.21 
.21 

22 

0044 

.  002.5 
.0029 
0038 

.0066 

.  17 
.20 

.21 
.  19 
.22 

.0041 
.0021 
.0031 

llll.il 
01166 

.16 
.21 
.23 
.21 

.18 

0012              1- 

.0025         22       0026 

.0032         22 

0038         21        0038 

.00.51          27        0081 

West  North  Central 

103,  605,  082 

.261 

23,505,790 
9,  209,  72S 
10,298,517 
16,816,  188 
13,023,  156 
17,716,058 
13,  035.  64.5 

.059 
.023 
.026 
.042 
.  033 
045 
.033 

.18 
.33 
.  35 
.20 
.  17 
.  16 
.20 

.  0106 
,0076 

.  0091 
hum 
.0056 

0U72 
.0066 

.20 
.31 
.28 

.21 
.  1!) 
.  18 
.20 

.0118 

(1H71 
.0073 
.0088 
.0063 
,0081 
.  0066 

16 
.31 
.24 
.20 
.  19 
.  19 
.20 

0271 
.0071 
.0062 
.0084 
.  0063 
,0085 
.0066 

.36 
.20 
.24 
.15 
.  11 
.  16 
.  16 

0212 
0016 
.  0062 
.0063 
.0036 
.  0072 
.  0053 

.  17 
.  14 
.19 
.13 

.  12 
.15 
.14 

.0100 

.0032 
110  10 

.  00.5.5 
.  0040 
.0067 
.  0046 

.1.5 
.  12 
.  20 
.  13 
.  11 
.  14 
.14 

.0088 
,0028 

.00.52 
.  00.5.5 
.0036 
.  0063 
.  0046 

.  12 
.14 
.20 

.  1.5 
.  13 
.  14 
.15 

.0071 
11032 
,0052 
.0063 
.  0043 
.0063 
0049 

.15 

HI 

.  16 

.  1.5 
.  1.5 
.  13 

.ooss 

.0025 
.  00.57 
.0007 
.  0019 
.  0067 
.  0043 

.14 

.  10 
.  20 
.  1.5 
.  13 
.  11 
.  1.5 

1 II IS3 

0023 

Missouri 

North  Dakota.. 

South  Dakota 

006.5 

0043 

0063 

Kansas .  . 

.0049 

South  Atlantic.-.  .   . 

25,  570,  554 

.  064 

1 

563,  300 
324,  700 
3,  000,  533 
5,  069,  135 
3,896,910 
5,211,802 
5,  024,  754 
1,  879,  420 

.001 
.001 

.0117 
.014 
.  010 
.013 
.013 
.005 

.44 
.52 
.45 
.36 
.37 
.36 
.27 
.33 

.0004 
.0005 
.0022 
.  11032 
.  0037 
.11017 
.0035 
.0016 

.52 
.43 
.58 
.36 
.30 
.33 
.25 
.31 

.  0005 
.  00114 
.0029 

2 

.0030 
.0043 
.0032 
.0015 

.66 
.54 
.46 
.  33 
.24 
.12 
.24 
1.00 

IIOO, 
.  000.5 
.0023 

0030 

.  0024 
.00.5,5 
.0031 

110.50 

.40 
.23 

.31 
.  23 

.37 
.21 
.20 

.  68 

.0004 
.  (1002 
.  0015 
.  0021 
.  0037 
.0031 

0026 

.  0034 

.29 
.  17 
.21 
.39 
.3,5 
.17 
.13 
.22 

.  0003 

.0002 
.0010 
on  ;.', 
0035 
.  0022 
.0017 
.0011 

.21 
.  20 
.  19 

25 
.  18 
.27 
.17 

26 

.  0002 
.0002 
.0009 
.0022 
0018 
0035 
0022 
.  0013 

.17 
.  19 
.31 
.24 
.24 

.  12 
33 

.  0002 
.0002 

5 

.0022 
0021 
0020 
0016 

llllll, 

.40 

.  22 

.30 

.31 
12 

25 
22 
29 

.0004 
.  0002 
5 

11.12- 

0032 

111152 
.0029 
001  1 

.40 
.  2.S 
.  28 
28 
.30 
.27 
.30 
.39 

OOOI 

0003 

Virginia 

West  Virginia. 

North  Carolina 

South  Carolina 

.0011 
.002.5 

0030 

00 

001!) 

East  South  Central.-  .-- 

37,  814,  702 

.095 

Kentucky 

13,  903,  434 
6,486.  154 
12,596,256 

4,  828,  558 

.035 
.016 
.032 
.012 

.29 
.41 
.20 
.23 

.0101 
.0066 

.0064 
.0028 

.27 
.30 
.24 
.23 

.  0094 
.  0048 
.  0077 
.0028 

.26 
.  50 
29 
.24 

0091 

III  LSI) 

.0093 

.ill  129 

.17 
.  26 
.18 
.19 

.  0059 
(1042 
.0058 
.0023 

.14 
.21 
.15 
.16 

.0049 
.0034 
.0048 
.0019 

.22 
.  19 
.16 
.15 

.  0077 
.0030 
,0051 
.0018 

.  19 
.  26 
.  26 
.18 

.0066 
(10  12 
ons.; 

,0022 

.  17 

.  23 

20 
.21 

00.50 

oil,:; 

.0064 
002.5 

.18 

.30 
2.5 
.21 

Tennessee 

Mill- 

Alabama 

Mississippi 

Ill  IMI 

i  ii  12! 

West  South  Central 

36,011,743 

.091 

Arkansas 

6,605,424 
5,662,812 

2,  055,  775 
21,  687,  732 

.017 
.014 
.005 
.055 

.24 

.  2.5 
.22 
.18 

.0041 

mi:;;, 
.0011 
11(1011 

.24 

22 

AS 

.14 

.0041        -  1.5       1102,5 

.  13 
.18 
.  14 
.12 

l  ii  122 
.  002,5 
.0007 
.0066 

.  11 
.15 
.12 
.10 

.  0019 
.  01121 
.  0006 
.  0055 

.11 
.17 
.  10 

Hi 

.0019 
.  0024 
.  000.5 
00.5.5 

.14 
.21 
.  13 
.12 

.0024 

.002!! 
.0006 
.0066 

.  17 
.13 
.14 

.0012         .  IS       .0031 

.0031 
.  0009 

.  11(177 

.  18 

18 

.  14 

.0025 
.0009 
.0077 

.0021 
,0006 

.  0077 

.21 
.14 
.21 

0029 

Oklahoma 

0007 

Texas  . 

0 1  1  5 

Mountain 

59,  477,  256 

.149 

Montana 

23,  225,  283 
3,602,  169 
9,009,288 
7.  3.55,  863 
3,839,  .591 
3,092,928 
3,57(1.  112 
5,781.392 

.056 
.009 
023 
.  019 
.010 
.oils 
.009 
.015 

.22 
.20 
,22 
.15 
.  29 
.  27 
[23 
.24 

.  0123 
,0018 

.0051 
.0028 
.  0029 
.0013 
.0021 
1 1, 12 1 

.31 

.25 
.20 
.17 
.27 
.52 
.21 
.62 

.0174 
.0022 
.  (1046 
.0032 
.  (1027 
.0026 
.0019 
.0062 

.21 
.  27 
'.  18 
.  18 

.  59 

.42 

33 

.0118 
.0024 

OOII 

.0034 
0025 
0029 

8 

0033 

.15 
.  16 

.  16 
13 
I  l 
.48 
.  17 
.  16 

.  0084 
.0014 

.  0037 
0063 

.0014 
0021 
0015 



.12 
19 
.  15 
.14 
.11 
.31 
.  1.5 

20 

.  0067 
.0017 
.0034 
.  0027 
.0011 

.1101.5 
.0013 
.0020 

.  11 
.23 
.  16 
.  is 
.  17 
.35 
11 
23 

.0078 

11021 

(7 

003  1 
.0017 
.0017 
.0013 
0023 

.31 

.26 
.  17 
.  20 
.26 
.51 
.  13 
.  23 

.0174 
.0023 
0039 
.0038 

.0026 
0025 

0012 

(1023 

26 

.20 

.  17 

16 

10 

.47 
15 

52 

(1116 

.0018 
.  0039 

(1050 

.0019 

.  002.3 

inn.; 

.0052 

.20 
.36 

.  16 
II 

211 
CI 

.21 
.35 

.0112 

00.32 

Wyoming 

0037 

.  0027 

New  Mexico 

Arizona 

.0020 
12 

Utah 

0019 

Nevada 

.003.5 

Pacific. 

39,  670,  604 

.100 

Washington 

11,907,  165 

s,  377.  200 
19,  386,  239 

.030 

.  021 
.049 

.  22 
.20 
.31 

III  166 

.0042 
.0102 

.28 
.46 
.30 

0084 

.00!  17 
.0099 

.26 

.27 
.28 

0078 
.0057 

0092 

.20 
.22 

21 

.0060 

.23 

0069 

.21 
.24 

.27 



.0050 
0089 

.27 
.25 

30 

0081 
.0052 

00!  10 

.19 

2H 
.35 

i»|  . 
.  0042 
.0115 

1 
.  34 
.24 

.0012 

Oregon .._._. 

.0016       .24      .0050 
.0079         .2.5         mi-  ' 

.0071 

California 

0117!) 

United  States 

397,  674,  620 

1.000 

.2967 

.2901 

.  269.5 

. 2282             .    . 1800 

.  1710 

.  1916 

[905 

.2003 

the  influence  of  each  State  has  been  weighted.  To 
obtain  these  weightings  the  whole  amount  of  work  per- 
formed on  Federal-aid  projects  on  each  of  the  selected 
items  during  the  base  period  was  ascertained  for  each 
State.  This  amount  was  then  reduced  to  a  percentage 
assignable  to  each  of  the  States  where  work  of  this  kind 
was  done.  These  percentages  are  used  as  indicating 
the  average  influence  of  the  various  States  in  deter- 
mining the  average  price  at  which  the  item  in  question 
is  produced.  For  any  period  the  national  average  price 
is,  then,  the  sum  of  the  products  obtained  by  multi- 
plying each  average  State  price  (as  determined  from  the 


Bureau's  records  of  hid  prices)  by  the  corresponding 
State  influence  rating. 

It  seldom  happens  that  during  a  given  quarter  every 
State  awards  enough  highway  work  so  that  all  States 
report  prices  on  e\er\  one  of  the  items  w^o(\  in  this 
index.  There  are,  of  course,  several  ways  in  which 
this  delieieiii\  can  be  adjusted.  These  need  no  dis- 
cussion here.  Suffice  it  to  say  that  for  this  index  the 
practice  has  been  adopted  of  using  estimated  prices 
based  on  regional  experience  wherever  prices  .ire  miss- 
ing.  Thus,  if  of  several  States  in  a  geographic  division 
there  is  one  lor  which  no  new  price  is  of  record,  but  those 
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reporting  show  an  average  drop  in  price  of  3  percent, 
the  missing  price  is  supplied  at  97  percent  of  the  price 
shown  for  the  preceding  quarter.  If  no  prices  are 
received  from  a  geographic  division  or  if  too  small  per- 
centage of  the  States  report  new  prices,  the  last  reported 
prices  are  used  as  the  current  prices. 

Table  10  shows  the  prices  on  common  excavation  as 
calculated  in  this  way.  The  columns  headed  "W" 
in  this  table  give  for  cadi  year  the  product  of  the  aver- 
age bid  price  in  a  given  State  times  the  national  weight- 
ing of  that  State.  As  stated  previously,  the  sum  of 
these  products,  given  at  the  foot  of  the  column,  is  the 
average  bid  price  for  the  year. 

Base  quantities  and  base  prices  are  shown  in  table 
11.  The  prices  used  in  computing  the  base  are  the 
arithmetical  average  of  the  prices  shown  by  years  for 
the  base  period. 

Table   11. — Average  quantities  and  'prices  for  the  years  1925  to 
1929,  used  as  base  for  computation  of  indexes 


Excavation 

Pavement 

Reinforcing      Structural 
steel                steel 

Structural 
concrete 

Year 

g 

3 

Pus 

<"  2 

.2,3 

^  3 

a 

03 
3 

Of 

i_-o 

C  S3 
>, 

„  <° 

'=  2. 
Ph  a 

>> 

a 

ca 
3 
O1 

CJ 

0.-Q 

a 

Ph 

>> 

a 

03 
3 

ft-o 

a 

.a  a 

Ph 

>> 

a 

03 
3 

«3"2 
>> 

.23 

£3 

1925     

Cu. 
yds. 

1  1,  299 
IC.  61111 
It;,  599 
17,352 
22,  605 

$0.  386 
.  364 
.352 
.337 
.316 

Sq. 

yds. 

3,767 

3,175 

3,540 

4,348 

3,798 

$2.  360 
2.286 
2.  291 
2.096 
2.055 

Lbs. 

13,  581 

14,  070 
12,  773 
17.075 
22,  503 

$0.  0565 
.0534 
.0510 
.0492 
.0481 

Lbs. 

4.718 

3,629 

3.  301 

4,953 

5,024 

$0.  0667 
.  0736 
.0707 
.0671 
.0591 

Cu. 

yds. 

64 

68 
64 
65 

81 

$22.  534 

1926     . 

22.  760 

1927 

22.  647 

1928  

21.216 

1929 

21.  582 

Total 

Average- ._ 

87,  455 
17,  491 

1.755 
.351 

18,628 
3,726 

11.088 
2.218 

SO,  (1112 
16,000 

.  25.SJ 
.0516 

21,  625 
4,325 

.3372 
.0674 

312 
68 

110.739 
22.  148 

THE   PRICE   INDEX 

The  final  computation  of  the  price  index  is  shown  in 
table  12.  The  composite  mile  on  which  the  price  index 
is  based  is  composed  of  the  average  quantities  of  exca- 
vation, pavement,  reinforcing  steel,  structural  steel, 
and  structural  concrete  determined  for  the  base  years 
1925  to  1929,  and  shown  in  table  11.  In  table  12  the 
average  bid  price  for  each  item  in  each  year  is  shown. 
Under  the  heading  "Amount"  is  given  the  cost  of  the 
average  (base)  quantity  of  each  item  at  the  prevailing 
bid  price  of  the  year.  The  subindexes  are  proportional 
to  these  amounts,  index  value  100  being  based  on  the 
average  bid  prices  for  the  base  years,  as  given  in  table 
11.  Similarly,  under  the  heading  "Composite  mile" 
the  total  amounts  and  the  corresponding  indexes  are 
given  for  each  year.  The  variation  of  these  price 
indexes  is  shown  in  graphical  form  in  figure  1 . 

THE  USAGE  INDEX 

A  usage  index  differs  from  a  price  index  in  that  it 
shows  the  effect  of  changing  usage  rather  than  changing 
price.  This  is  done  by  applying  fixed  prices — in  this 
case,  those  of  the  base  period — to  the  varying  quantities 
of  the  several  items  of  which  the  base  is  composed,  the 
result  being  to  show  how  cost  would  have  varied  from 
year  to  year  on  account  of  changing  usage  if  prices  had 
remained  constant. 

In  the  highway  field  usage  has  changed  a  great  deal 
since  the  first  year  (1923)  for  which  figures  are  avail- 
able. There  probably  has  been  some  change  in  pave- 
ment thickness  during  this  period,  but  as  this  change  is 
believed  to  have  been  small  and  as  no  analysis  of  the 
amount  of  it  has  ever  been  attempted  it  is  included  in 
none  of  the  usage  calculations. 


Table   12. — Price  trend  in  highway  construction 


Year 


Base  period,  1925  to  1929 

1922 

1923 _ 

1924 

1925 _ 

1926 

1927 

1928 _ 

1929 

1930 

1931 

First  quarter 

Second  quarter.. 

Third  quarter 

Fourt  h  quarter 

1932 

F'irst  quarter.. 

Second  quarter 

Third  quarter 

Fourth  quarter 

1933 

First  quarter. 


Excavation  '  (17,191 
cubic  yards) 


Bid 

price 


|    Amount    index 


$6, 139 


7,031 
8,186 

7,  504 
6.751 
6,367 
6,  157 
5,894 
5,  527 
5,300 


5, 195 
5,072 
4,  705 
3,988 


3,166 
2,991 
3,  358 
3,323 


.;,  19s 


100.  0 


114.5 
133.3 
122.2 
110.0 
103.  7 
100.3 
96.0 
90.0 
86.3 


81  6 

82.6 
76.  B 
65.0 


51.  6 
48.7 
54.7 
54.1 


57.0 


Pavement  '  (3,726 
square  yards) 


Bi 
price 


Amount    index 


$2.  22 


2.28 
2.43 
2.40 
2.36 
2.29 
2.29 
2.10 
2.05 
1.86 


1.79 
1.77 
1.59 
1.58 


1.52 
1.47 
1.35 

1.44 


1.49 


$8,261 


8,  tss 
9,047 
8,950 
8,  793 
8,518 
8,536 
7,810 
7,  657 
6,949 


6,666 
6, 580 

5,  921 
5,809 


5,656 
5,481 
5.045 
5,377 


100.0 


102.7 
109.5 

108.3 
106.  4 
103.  1 
103.  3 
94.5 
92.7 
84.1 


80.7 
79.6 
71.7 
70.3 


68.4 
66.3 
61.0 
65.1 


67.2 


Structures 


Reinforcing 

steel  (16,000 

pounds) 


Bid 

price  3 


Ml  052 


050 
.057 
.  057 
.056 
.053 
.051 
.049 
.048 
.045 


.042 
.041 
.040 
.037 


.036 
.034 
.033 
.033 


.  032 


Amount 


$826 


son 
920 
920 
904 
854 
816 
787 
770 
715 


672 
658 
634 
594 


571 
538 
526 
528 


506 


Structural 

steel  (4.325 

pounds) 


Bid 

price  3 


$0,  067 


.074 
(ITS 
.077 
.067 
.074 
.071 
.067 
.  059 
.061 


.055 
.051 
.052 
.056 


.  019 
.045 
.043 

.ills 


.043 


Amount 


321 
338 
333 
288 
318 
306 
290 
256 
264 


240 
219 
224 
214 


211 
197 
1S4 
208 


1S7 


Structural  con- 
crete (68  cubic 
yards) 


Bid 

price  : 


$22.  15 


20.  18 
23.37 
22.91 
22.53 
22.  76 
22.  65 
21.22 

21.  58 

29    OS 


1.8.90 
is,  18 
17.49 
17.22 


15.  22 
14.98 
14.82 

16.  2S 


Amount 


$1,506 


1,372 
I.5S9 
'.,558 
1,532 
1,  548 
1,540 
1,443 
1,  468 
1,365 


1,285 
1.257 
1,189 
1,171 


1,035 
1,019 
1,008 
1,107 


1,050 


Combined 


Amoun' 


$2, 623 


2,493 
2,817 
2,811 
2,724 
2,720 
2,662 
2,520 
2,494 
2,344 


2, 197 
2,  134 

2,047 
2,009 


1,817 
1,  754 
1,718 
1,843 


Sub- 
index 


100.0 


95.1 
108  6 
107.2 
103.9 
103.7 
101.5 
96.1 
95.0 
89.4 


83.7 
81.3 
78.0 
76.6 


69.3 
66.8 
65.5 
70.3 


66.4 


Composite 
mile 


Total 
amount 


$17,026 


18,012 

29.  I  ISO 

19, 265 
18,  268 
17,605 
17,355 
16,  224 
15,678 
14,  593 


14,058 
13.  786 
12,676 
11,806 


10,639 
10,  226 
10, 121 
10,  543 


10,  793 


Index 


100.0 


105.8 
117.9 
113.1 
107.3 
103.4 
101.9 
95.3 
92.1 
85.7 


82.6 
81.0 

74.4 
69.3 


62.5 
60.1 
59.4 
61.9 


63.4 


1  Common  excavation  plus  other  items  expressed  as  equivalent  common  excavation.    (See  p.  85  and  table  8.) 

2  Portland  cement  concrete  plus  other  items  expressed  as  equivalent  Portland  cement  concrete.     (See  p.  85  and  table  8.1 

3  Indexes  and  totals  were  calculated  with  the  bid  prices  carried  to  1  more  decimal  place  than  that  to  which  they  are  shown  in  this  table. 
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Table   13. —  Usagt   'rend  in  highway  construction 


Year 


Base  period,  1925  to  1929. 

1923 - 

1924 -.-. 

1925 -- 

1926 

1927 

1928 

1929 - 

1930 

1931 


Excavation  •  ($0,351  per 
cubic  yard) 


Quan- 
tities 


17,491 


$6, 139 


4,533 
4,701 
5,019 
5,827 
5.  S-.V, 
6,091 

7,  934 

8,  is; 

9,  774 


Sub- 
index 


100.0 


73.8 
76.6 
81.7 
94.9 
94.9 
99.  2 
129.2 

159.2 


Pavement  ;  ($2,218  per 
square  >  arc! 


Quan- 
tities 


3,726 


3,751 
3,839 
3,767 
3, 175 
3,540 
1,348 
3,  798 
1,324 
3,995 


Amount 


8,264 


s.  320 
B,  5 1 5 
s.  355 
7,042 

7.  852 
9,644 

8,  124 
9,591 
8,861 


Sub- 
index 


100.0 


100.7 

in.. 
101.  1 

95.  ti 
116  7 
till  9 
116  0 
107.  2 


Structural 


Reinfi  I 
ei      $0.0510 
pel  pound) 


Quan- 
tities 


Amount 


16,000 


9,270 

•ITS 

12,374 

638 

13,581 

701 

14.070 

7211 

12,773 

659 

17,075 

881 

22,503 

1,  161 

1,386 

30,  751 

Structural  steel 

($o.  007  1  per 

pound) 


Quan- 
tities 


2,  '."J7 
2,  258 
4,718 
3,629 
3.301 
4.953 
5,024 
7,750 
12,216 


\iuoimt 


Structural  con 
12  I  Is  per 
cubic  yard) 


« 'ombined 


( '.inn. 

mile 


Quan- 
tities 


$291 


$1,  506 


155 

53 

152 

67 

HIS 

64 

245 

68 

222 

64 

334 

65 

339 

si 

522 

122 

823 

141 

1,174 
1,484 
1,417 
506 
1,  117 
1,440 
1 .  79 1 
2,702 
3,123 


$2.  623 


1,807 

2, 436 
2,  477 
2,  298 
2,  655 
3,294 
4.610 
5,  533 


Kin  .1 


68.  9 

BO  '. 

94  1 
s7  I. 
101.2 
125  6 
175.7 
210  'J 


amount 


$17,020 

I  1,660 
15,  190 
15,810 
15,346 

18,390 
19,652 
22,684 
24,  168 


In. lex 


100.0 


86.  1 
91.0 

108  0 
115  1 
133. 'J 
141.9 


i  Common  excavation  plus  other  items  expressed  as  equivalent  common  excavation.     (See  p.  85  and  table  si 

■  Portland  cement  concrete  plus  other  pavement  items  expressed  as  equivalent  Portland  cement  concrete.     (See  p.  85  and  table 


As  noted  in  a  previous  paragraph,  the  average  width 
of  the  surfacing  has  increased  rather  steadily  at  the  rate 
of  about  0.3  foot  per  year.  This  has  affected  excavation 
quantities  and  structural  quantities,  as  well  as  surfacing 
quantities. 

The  amount  of  excavation  handled  per  mile  of  high- 
way constructed  has  been  further  increased  by  the  use 
of  wider  shoulders  and  lighter  side  slopes.  Fifteen 
years  ago  16-foot  pavement  and  3-foot  shoulders,  giv- 
ing an  embankment  width  of  22  feet,  were  common. 
Today  20-foot  pavement  and  6-foot  shoulders,  giving  an 
embankment  width  of  32  feet  are  almost  as  common, 
with  wider  shoulders  not  infrequently  used. 

Finally,  as  compared  to  the  conditions  prevailing 
even  10  years  ago,  there  is  a  marked  tendency  to  hold 
to  improved  standards  of  both  alinement  and  grade 
even  where  this  policy  requires  a  great  deal  of  heavy 


grading.  Again  the  necessary  result  is  increased  quan- 
tities. In  the  light  of  these  conditions,  the  fact  thai 
the  excavation  handled  per  mile  of  highway  built  has 
more  than  doubled  during  the  period  covered  by  this 
index  is  not  surprising. 

In  the  structural  field  the  situation  is  similar.  Pave- 
ments have  increased  in  width,  and  this  has  forced  a 
corresponding  increase  in  the  width  of  bridges  and  in 
the  length  of  culverts.  Formerly  both  were  governed 
quite  largely  by  the  width  of  the  surfacing.  In  more 
recent  years  there  has  been  a  tendency  to  make  bridges 
wider  than  the  surfaced  roadway.  There  has  also  been 
a  marked  tendency  to  make  culverts  at  least  as  long  as 
the  width  of  the  embankment  (surfacing  plus  shoulder-  i . 
As  a  result  of  these  changes  the  structural  quantities 
used  per  mile  of  highway  constructed  have  also  more 
than  doubled. 


Table  14. — Cost  trend  in  highway  construction 


Excavation  ' 

Pavement  ■ 

Year 

Bid  price ' 

Quantity 

Amount 

Subindex 

Bid  price  3 

Quantity 

Amount 

Subindex 

Base  period,  1925  to  1929 

-n  35 

( 'ubic  yards 

17,491 

$6, 139 

100.  0 

$2.  22 

Square  yards 

3,  720 

$8,264 

100.0 

1923... 

.47 
.43 

39 
.  36 
.  35 

34 
.32 
.30 

■y- 

12.916 
13,  393 
14,299 
16,600 
16,599 
17,  352 
22,  605 
21.  169 
27,  845 

0.01.', 

5,  740 
5,519 
6,042 
5,843 
5,  848 
7,143 
7,323 
7,546 

98.  5 
93  o 

OS    1 
95.  2 
95.  2 
116.4 
119.3 
122.  9 

2.43 
2.40 
2.  36 

2  29 
2  29 

2,  1(1 
2,  05 
1.88 
1.68 

3.751 
3.  839 
3,767 
3,  17.'. 
3.  540 
4.348 

3,  798 

4.  324 
3,995 

9,  107 

0.221 
-    ..... 
7.  258 
s,  11(1 

9,  113 

7,  805 

5.  001 

6,  696 

110.2 

1924 

111.6 

1925...   

107.  fi 

1926 

87.  s 

1927 

1928 

110  3 

1929 _ 

94.  1 

1930. 

97.  o 

1931 

81.  0 

Structures 

( Composite  mile 

Year 

Reinforcing  steel 

Structural  steel 

Structural  concrete 

Combined 

Bid 

price  3 

Quan- 
tity 

Amount 

Bid 
price  3 

Quan- 
tity 

Amount 

Bid 
price  3 

Quan- 
tity 

Amount 

Imounl 

Sub- 
index 

Amount 

Base  period  1925  to  1929.. 

$0. 052 

Pounds 

10.0110 

$826 

$0.  067 

Pounds 
4,325 

$291 

$22.  15 

Cu.  yds. 

OS 

$1,506 

100  0 

100.  0 

1923 

.057 
.057 
.056 
.053 
.  051 
.049 
.048 
.045 
.040 

9,  270 
12,374 
13,581 

14.070 
12,773 
17,075 
22.  .mi:; 
26,  852 
30, 751 

533 
711 
707 
751 
651 

SID 

1,082 
1,200 

1,227 

.078 
.077 
.  (107 
.074 
.071 
.067 

059 
.  061 

054 

2,  297 

4,718 

3,  629 
3,301 
4,953 
5,024 
7,750 

12,  216 

180 
174 
315 
267 
233 
332 
297 
473 

23.37 
22.91 

22.  70 

21.22 
21   58 

20  os 
I-  02 

53 

07 

01 
OS 

64 
65 

- 
122 
111 

1,239 
1,535 
1,442 
1,548 
1 .  1 19 

1 .  379 
1,748 

2.  1 19 

1,952 
2,  120 

2,  52 1 

3,  127 

4,  122 
i.  123 

1  1 

SO    II 

119.2 
157.2 
168.6 

17.  mi 
17,387 

16,286 
17,512 

19,509 
18,665 

100.  5 

1924. 

102.  1 

1925 

99  5 

1926 

93.  2 

1927 

95.  7 

1928 

102.  9 

1929. 

106.2 

1930 

114.0 

1931 

109  6 

1  Common  excavation  plus  other  items  expressed  as  equivalent  common  excaval  ion.     (See  p.  85  and  table  8.) 

1  Portland  cement  concrete  plus  other  items  expressed  as  equivalent  Portland  cement  concrete.     (See  p.  85  and  table  8  I 

3  Indexes  and  totals  were  calculated  with  the  bid  prices  carried  to  one  more  decimal  place  than  that  to  which  they  are  shown  in  this  table. 
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The  effect  of  these  and  of  other  influences  which  have 
affected  highway  design  is  shown  in  the  index  of  high- 
way usage  which  is  given  in  graphical  form  in  figure  2 
and  in  statistical  form  in  table  13. 

THE  INDEX  OF  HIGHWAY  COST 

The  cost  at  which  highways  are  built  integrates 
changes  in  price  and  changes  in  usage.  In  the  high- 
way field  the  number  of  units  handled  in  building  a 
mile  of  finished  pavement  has  been  increasing  steadily. 
The  price  at  which  these  units  have  been  handled  has 
been  falling.  Cost  has  remained  relatively  uniform. 
The  cost  index  is  obtained  by  applying  the  annual  aver- 
age quantities  handled  to  the  average  annual  price  at 
which  they  were  handled.  In  graphical  form  this  index 
is  shown  in  figure  2.  In  tabular  form  it  is  shown  in 
table  14. 


(Continued  from  p.  80) 

the  3-,  G-  and  9-ply  mats.  This  conclusion  is  verified 
by  a  consideration  of  the  relative  moisture  losses 
sustained,  as  shown  in  tables  2  and  4.  It  has  been 
shown  that,  for  the  mats  which  were  wet  wdien  applied, 
the  amount  of  moisture  is  virtually  the  same,  regardless 
of  the  thickness  of  the  mat. 

TEST  RESULTS  SHOW   EFFICIENCY  OF  MATS  IN  HEAT  INSULATION 
AND  CURING 

The  conclusions  drawn  from  this  investigation  are 
necessarily  qualified  by  the  fact  that  the  tests  were  made 
with  small  laboratory  samples,  rather  than  in  the  field. 
The  indications  are  as  follows: 

1.  Cotton  mats  were  effective  for  heat  insulation. 
Under  the  conditions  of  these  tests,  the  24-hour  tem- 
perature range  under  the  cotton  mats  was  approxi- 
mately 35  percent  of  that  which  occurred  in  uncovered 
concrete  and  about  60  percent  of  that  which  occurred 
in  concrete  covered  with  wet  burlap. 

2.  The  insulating  properties  of  the  various  thick- 
nesses of  mat  (ranging  from  1-ply,  about  one-third  inch 
thick,  to  9-ply,  about  3  inches  thick)  against  heat 
absorbed  from  the  rays  of  the  sun,  appeared  to  be 
a  1  tout  the  same. 

3.  From  the  standpoint  of  strength  the  cotton  mats 
which  were  wet  once  and  received  no  further  wetting 
were  as  effective  in  curing  as  was  double-thickness 
burlap  kept  wet  continuously,  the  curing  period  in 
both  cases  being  3  days. 

4.  The  cotton  mats  applied  dry  were  not  as  effective 
for  curing  as  were  the  wet  mats  or  the  wet  burlap. 
Specimens  cured  with  dry  mats  developed  about  88  per- 
cent of  the  strength  developed  by  specimens  cured  under 
wet  mats  or  under  wet  burlap  kept  continously  wet. 


5.  The  various   thicknesses  of  mat  appeared  to  be 
equally  effctive  as  curing  agents  for  concrete. 

Table  4. — Percentage  of  original  water  content  of  specimens  at 
ages  indicated  (1-,  2-,  and  3-ply  mats)  l 


Curing  method 

Specimen  no. 

Percentage  of  original  water  con- 
tent at  age  of— 

3 

days 

10 
days 

20 
days 

26 
days 

28 

days 

(1-- 

101.9 
99.8 
101.1 

90.2 
89.5 
90.1 

87.9 
87.4 
88.3 

87.2 
86.4 
87.2 

97  1 

Burlap,  kept  wet  3  days 

2 

95  4 

[3 

95.9 

Average.-  . .  .. 

100.9 

89.9 

87.9 

86.9 

96  1 

11 

llll     1 
97.3 
98.9 

90.8 

K9    1 

"90.4 

87.7 
86.9 
88.7 

87.2 
85.9 
87.  6 

97.6 

1-ply  mat,  wet  when  applied 

fe— " 

96.5 
97.4 

Average ...      -._-_. 

99.1 

90.1 

87.8 

86.9 

97.2 

11 

101.7 
99.8 
101.6 

90.3 
89.4 
90.8 

87.4 
87.5 
89.  1 

N«  6 

07   t 

2-plv  mat,  wet  when  applied 

2 

86.  2       96.  S 

k. 

87.7 

97  3 

101.0 

90.2 

88.0 

86.8 

97  1 

ii 

100.  4 
101.7 
100.  7 

100.9 

88.7 
91.2 
90.3 

si;  .; 
ss.  s 
88.4 

85.2 
87.5 
87.0 

95.8 

3-ply  mat,  wet  when  applied 

li:::::::::::::: 

98.1 

96.7 

Average.. .     ..     . 

90.1 

87.8 

86.6 

96.9 

1  Curing  agents  removed  at  end  of  3  days,  and  specimens  cured  from  3  to  26  days  in 
laboratory  air.    Specimens  immersed  in  water  at  end  of  26  days. 

Table  5. — Results  of  tests  for  flexural  strength  at  the  age  of  28 
days  i  /-,  .'-,  and  S-ply  mats) 


Curing  method 

Modulus  of  rupture  in  pounds 
per  square  inch 

Strength 

1 

2 

3 

Aver- 
age 

ratio  ' 

Burlap,  kept  wet  3  davs ... 

958 
934 
853 

918 

1,009 
896 
962 
880 

902 
931 
962 
954 

956 
920 
926 

917 

1.00 

1-ply  mat,  wet  when  applied 

2-ply  mat,  wet  when  applied   ' .. 

3-ply  mat,  wet  when  applied 

.  96 

.97 
.96 

1  Strength  developed  by  double  burlap  kept  wet  3  days  taken  as  standard. 


CORRECTIONS 

Vol.  14,  No.  2,  April  1933.— -In  the  article  entitled,  "The 
Wisconsin  Financial  Survey",  page  31,  in  right-hand 
middle  panel  of  figure:  "Vehicle-miles  in  millions"  should 
read,  "Vehicle-miles  in  billions." 

Vol.  14,  No.  3,  May  1933.— In  the  article  entitled,  "The 
Illinois  Financial  Survey",  page  47,  in  upper  left-hand 
panel  of  figure:    "Other  imposts"  should  read  "all  imposts.  " 
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COMMENTS  ON  THE  HYDROMETER  METHOD 
OF  MECHANICAL  ANALYSIS 


Reported  by  R.  C.  THOREEN,  Junior  Highway  Engineer 

THE  DISCUSSIONS  comprising  this  report  are 
suggested  by  the  subgrade  soil  investigations  of  the 
United  States  Bureau  of  Public  Roads  conducted 
at  its  laboratories  in  Arlington,  Va.,  supplemented  by 
data  obtained  by  the  author  when  engaged  as  assistant 
in  the  cooperative  subgrade  soil  research  carried  on  at 
the  Engineering  Experiment  Station  of  the  Ohio  State 
University,  Columbus,  Ohio. 

The  hydrometer  method  of  mechanical  analysis,  the 
procedure  for  which  has 
been  published  in  Public 
Roads  (l)1  has  two  distinct 
advantages  when  used  in 
subgrade  soil  investiga- 
tions: First,  an  analysis  by 
this  method  requires  a  min- 
imum of  time  and  effort ; 
and,  second,  such  an  analy- 
sis furnishes  the  data  re- 
quired for  the  construction 
of  a  complete  particle-size 
accumulation  curve.  This, 
in  turn,  discloses  the  per- 
centage of  particles  of  any 
desired  size,  whereas  with 
other  methods  greater  ef- 
fort is  required  to  obtain 
information  on  only  the 
sand,  silt,  and  clay  con- 
tents. 

The  hydrometer  method 
consists  of  two  opera- 
tions— the  determination 
of  the  percentage  of  sus- 
pended soil  from  hydrom- 
eter readings  corrected 
for  the  particular  test  con- 
ditions and  the  determina- 
tion by  means  of  Stokes's 
law  of  the  maximum  parti- 
cle size  corresponding  to  a 
particular  percentage  of 
suspended  soil. 

The  relation  between  the 
hydrometer    reading    and 
the  percentage  of  suspended  soil  is  expressed  by   the 
formula: 


Division  of  Tests,  United  States  Bureau  of  Public  Roads 

A/?  =  correct  ion  to  hydrometer  reading  lor  varia- 
tion in  temperature  from  67°  F. 
a  =  correction  coefficient  for  variation  in  specific 

gravity  from  2.65. 
P  =  percentage  of  originally   dispersed   soil   re- 
maining in  suspension. 
The  maximum  grain  size  in  suspension  at  an)  given 
time   after  dispersion,    according    to   Stokes's   law.    is 
expressed  by  the  formula: 


HYDROMETER  METHOD  GIVES  SATISFAC- 
TORY RESULTS  IF  CAREFULLY  APPLIED 

Readings  of  a  sensitive  hydrometer  in  soil  sus- 
pensions give  results  sufficiently  accurate  for  the 
determination  of  the  grain  size  distribution  in  sub- 
grade  soils. 

Thorough  dispersion  of  the  soil  sample  is  desir- 
able. Apparatus  highly  efficient  for  this  purpose 
is  now  in  use. 

A  high  degree  of  deflocculation  is  also  of  impor- 
tance. Sodium  silicate  has  been  found  the  most 
satisfactory  deflocculating  agent. 

In  the  use  of  Stokes's  formula  to  determine 
grain  size  distribution,  it  is  necessary  to  obtain  by 
experimental  methods  approximate  values  for  L, 
the  average  depth  to  which  soil  particles  settle  in 
a  given  time.  Satisfactory  results  were  obtained 
with  a  value  of  L  equal  to  0.42  of  the  total  im- 
mersed depth  of  the  Bouyoucos  hydrometer,  and 
with  a  value  equal  to  the  depth  of  the  center  of 
volume  of  the  specific  gravity  hydrometer. 

With  these  values  of  L,  test  results  were  found 
to  be  in  substantial  agreement  with  the  more 
elaborate  pipette  method  of  making  the  mechan- 
ical analysis. 

The  errors  involved  in  the  use  of  a  sensitive 
hydrometer  are  subordinate  to  those  due  either 
to  partial  deflocculation  or  to  the  assumptions 
involved  in  the  use  of  Stokes's  law. 

The  errors  of  the  hydrometer  method  are  those 
common  to  all  methods  utilizing  sedimentation. 


d 


l_S0nL 

\9H0  {G-GJ 


T- 


-(2) 


where 


P_£+AB.X100 

R  =  hydrometer  reading. 

W=  weight  of  soil  originally  dispersed  per  liter 
of  suspension. 


1  Figures  in  parentheses  refer  to  reports  listed  in  the  bibliography  attached  to  this 
report. 

3392—33 


where 

d  =  maximum  grain  di- 
ameter in  millime- 
ters. 

//  coefficient  of  viscos- 
ity of  the  suspend- 
ing    medium,     in 

poises. 

L  =  average  distance 
in  centimeters 
through  \\  hich  soil 
particles  settle  in  a 
given  time. 

T=  period  of  sedimen- 
tation, in  minutes. 

(?=specific    gravity    of 

soil  particles. 
6ri=specific    gravity    of 
the       suspending 
medium. 

The  values  of  the  nine 
variables — //,  L,  '/',  G,  (iu 
R,  W,  AR,  and  a  must  be 
available  before  the  per- 
centage of  soil  in  suspen- 
sion, /\  by  means  of  equa- 
tion 1 ,  and  the  correspond- 
ing grain  size,  <l ,  by  mean 
of  eiiuation  2,  can  be  deter- 
mined. 

Both  the  specific  grav- 
ity, Gi,  and  the  coefficient 
of  viscosity,  n,  of  the  suspending  medium,  in  this  case 
water,  are  furnished  by  (he  Smithsonian  Physical 
Tables  (2). 

The  hydrometer  readings,  R,  corresponding  to 
different  times  of  sedimentation,  /',  are  observed  as 
part  of  each  test .  This  is  true  also  of  the  weight  of  soil 
dispersed,  lb,  and  the  specific  gravity  of  the  soil 
particles,  G. 

This  leaves  the  specific-gravity  correction  coefficient, 
(/,  the  temperature  correction,  A/i,   and    the   assumed 
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distance  of  particle  settlement,  L,  to  be  determined  by 
research  before  formulas  1  and  2  can  be  used  in  a  com- 
plete procedure  for  making  the  mechanical  analysis  of 
soils  by  the  hydrometer  method.  Accordingly,  investi- 
gations for  determining;  these  values  were  begun  early 
in  1928. 

These  investigations  resulted  in  the  development  of  a 
test  procedure  equally  applicable  to  the  Bouyoucos 
hydrometer  and  to  any  sensitive  hydrometer  calibrated 
in  specific  gravities,  and  provided  correction  coefficients 
whereby  both  the  grams  per  liter  concentration  and 
the  maximum  particle  diameter  corresponding  to  the 
hydrometer  readings  could  be  determined.  In  addi- 
tion, they  demonstrated  the  fact  that  the  results 
furnished  by  the  hydrometer  method  cfieck  within 
practical  limits  those  obtained  by  the  pipette  method 
of  the  United  States  Bureau  of  Chemistry  and  Soils, 
and  other  methods.  As  a  further  outgrowth  of  this 
work,  a  new  and  effective  defiocculating  agent  was 
introduced  and  both  a  new  type  of  hydrometer  and  a 
revised  dispersing  cup  and  stirring  paddle  were 
developed. 

The  test  procedure,  as  noted  above,  has  been  pub- 
lished. Comments  on  the  test  procedure  and  the 
hydrometer  calibration,  comparisons  of  results  furnished 
by  different  methods  of  mechanical  analysis,  discussion 
of  the  influence  of  various  defiocculating  agents,  and 
descriptions  of  the  new  hydrometer  and  dispersing  cup 
and  their  use,  comprise  this  report. 

THE  DETERMINATION  OF  TEST-PROCEDURE  REQUIREMENTS 

Interested  testing  engineers  may  be  curious  regarding 
certain  of  the  requirements  of  the  test  procedure  as 
published.  The  purpose  of  this  report  is  to  present 
additional  explanations  of  these  requirements  in  order 
to  prevent  the  duplication  of  the  work  on  which  they 
are  based. 

The  following  requirements  are  among  the  most 
important  of  those  specified  in  the  procedure: 

1.  Soils  having  a  plasticity  index  between  0  and  5  are 
dispersed  only  five  minutes  in  the  dispersing  apparatus. 

2.  Soils  having  a  plasticity  index  between  5  and  20 
are  pretreated  by  soaking  in  water  for  18  hours  and 
then  dispersed  for  10  minutes. 

3.  Soils  having  a  plasticity  index  greater  than  20  are 
pretreated  with  6  percent  hydrogen  peroxide,  soaked 
for  18  hours,  and  then  dispersed  for  15  minutes. 

4.  A  f  odium-silicate  solution  is  used  as  a  defiocculat- 
ing agent  for  all  soils. 

5.  The  hydrometer  is  read  at  the  top  of  the  meniscus 
formed  around  its  stem. 

6.  The  suspensions  are  maintained  at  a  constant 
temperature  throughout  the  test. 

7.  Readings  of  the  hydrometer  are  corrected  for  a 
suspension  temperature  other  than  the  standard 
temperature  of  the  hydrometer. 

8.  Readings  of  the  hydrometer  are  corrected  for  any 
variation  in  the  specific  gravity  of  the  soil  from  the 
average  or  standard  specific  gravity,  2.65. 

9.  The  depth  of  settlement,  L  (equation  2),  for  the 
Bouyoucos  hydrometer  is  0.42  of  the  distance  from  the 
surface  of  the  suspension  to  the  lower  end  of  the 
hydrometer.  The  logical  and  experimental  bases  of 
these  requirements  are  discussed  in  the  following 
paragraphs. 

Dispersion. — The  results  produced  by  any  method  of 
soil  analysis  based  on  sedimentation  through  water 
depend  upon  the  degree  to  which  the  soil  particles  are 


dispersed.  In  the  absence  of  complete  dispersion,  the 
rate  of  settlement  will  depend  upon  the  sizes  of  the 
undispersed  aggregates  rather  than  the  sizes  of  the 
individual  particles;  and  consequently  the  diameters  of 
accumulations  rather  than  the  diameters  of  individual 
grains  will  be  indicated. 

After  the  separation  of  the  particles,  it  is  equally  im- 
portant to  prevent  their  flocculating  or  coalescing  into 
loosely  bound  aggregates,  which  settle  more  rapidly 
than  the  individual  particles  and  also  lead  to  error  in 
the  size  determination. 

Soil  concretions  are  more  likely  to  form  in  the  fine- 
grained than  in  the  coarser-grained  soils.  Also,  the 
concretions  in  some  fine-grained  varieties  are  likely  to 
offer  greater  resistance  to  breaking  down  than  the  con- 
cretions in  other  varieties  of  the  fine-grained  soils.  The 
colloidal  properties  which  furnish  the  resistance  of  aggre- 
gations to  dispersion  are  reflected  more  definitely  by 
the  plasticity  of  the  soil  than  by  the  fineness  of  the  soil 
grains. 

Thus,  a  soil  with  a  plasticity  index  of  8  and  a  clay 
content  of  77  percent2  may  disperse  much  more  readily 
than  a  soil  with  a  plasticity  index  of  32  and  a  clay 
content  of  but  23  percent.3 

The  higher  the  plasticity  index  the  greater  is  likely 
to  be  the  effort  required  to  disperse  the  soil.  Conse- 
quently, it  is  only  natural  to  disperse  soils  with  high 
plasticity  indices  for  a  longer  period  than  those  having 
little  or  no  plasticity. 

The  highly  efficient  dispersing  apparatus  referred  to 
in  the  article  on  test  procedure  (1)  has  been  found 
capable  of  producing  the  required  degree  of  dispersiom 
of  coarse-grained  soils  (plasticity  index,  0  to  5)  in  5 
minutes.  A  longer  period  of  dispersion  tends  to  break 
down  the  sand  grains  into  smaller  fragments  and  there- 
fore should  be  avoided. 

Moderately  plastic  soils  (plasticity  index,  5  to  20)  are* 
pretreated  by  soaking  in  water  for  18  hours  before  dis- 
persing. The  slaking  and  the  softening  of  the  soil 
aggregations  due  to  this  treatment  make  it  possible  to 
disperse  these  soils  properly  by  agitating  for  10  minutes. 

The  highly  plastic  soils,  with  plasticity  indices  exceed- 
ing 20,  are  likely  to  contain  aggregations  very  difficult 
to  break  down.  These  soils  are  treated  with  hydrogen 
peroxide  prior  to  the  soaking  for  18  hours.  This  pre- 
treatment of  the  sample  separates  the  aggregated 
particles  to  such  an  extent  that  a  mixing  period  of  15 
minutes  is  sufficient  to  produce  the  desired  degree  of 
dispersion.  The  effect  of  the  hydrogen  peroxide  pre- 
treatment  is  shown  in  table  1. 

Table   1. —  The   effect   of  hydrogen- peroxide   pretreatment   on    Ihi 
mechanical  analysis  of  fine-grained  soils 


Soil  no. 


763 
791 
872. 
695 
837 
802 


Percentage  of  sample  dispersed 


No  pretreatment:  par- 
ticles finer  than— 


0.005  mm 


34.2 
37.5 
40.0 
46.5 
73.  5 
75.  5 


0.002  mm 


21.5 
18.5 
23.  0 
31.0 
62.  2 
48.0 


Hydrogen  peroxide  pre 
treatment:  particle 
finer  than — 


36.8 
40.5 
44.  4 

1*-'  7 
75.4 
78.0 


0.002  mm 


'  See  sample  no.  6,  tables  1"'  and  16,  p.  141,  Public  Roads,  vol.  12,  no.  5,  July  1931. 
3  See  sample  no.  7,  tables  17  and  is,  p.  142.  PuBLir  Roads,  vol.  12,  no.  5,  July  1931. 
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SODIUM   SILICATE   FOUND    BEST   DEFLOCCULANT 

Deflocculation. — Extensive  tests  with  various  defloc- 
culating  agents  showed  sodiuni  silicate  to  be  the  most 
effective  for  maintaining  separation  of  the  dispersed 
soil  particles  in  suspension.  The  oilier  reagents  tested 
are  those  commonly  used  for  deflocculation  of  soil 
suspensions  and  include  potassium  hydroxide,  am- 
monium hydroxide,  sodium  carbonate,  and  sodiuni 
oxalate.  Results  obtained  from  hydrometer  analyses 
on  duplicate  samples  of  four  soils  treated  with  the  differ- 
ent reagents  are  shown  in  table  2.  All  the  samples  were 
dispersed  for  equal  periods,  and,  as  indicated  in  table 
2,  the  reagents  Mere  used  in  the  amounts  required  to 
make  the  suspensions  equinormal.4 

Table  2.- — Total  percentages  of  various  sizes  obtained  by  treat- 
ment with  different  dispersing  agents 


Potassium 

hydroxide 

5ce  N/i 

solution 

Sodium  car- 

Sodium ova- 

Sodium  sili- 

No reagent 

bonate  5  cc 

late  10  ce 

cate  5  cc 

State 

N/1  solution 

N/2  solution 

N/1  solution 

SoU 
no. 

Percentage  of  particles  finer  than— 

g 

= 

a 

a 

s 

S 

a 

g 

a 

3 

g 

s 

a 

a 

g 

a 

6 

a 

a 

a 

a 

a 

a 

a 

s 

a 

a 

a 

a 

a 

cs 

iO 

c^ 

iO 

CJ 

to 

<N 

8 

8 

g 

a 

o 
o 

o 
o 

8 

o 

8 

a 

§ 

s 

o 
o 

g 

8 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

© 

5792 

Iowa 

1.5 

0) 

01 

18.5 

2  5.0 

-'2.0 

20.0 

12.0 

-'  7.0 

22.0 

17.0 

15.0 

22.0 

17.5 

15.5 

5853 

Miss 

.50.0 

(') 

(') 

r,r,  r, 

14.0 

82  u 

43.0 

28.  0 

7  s  ii 

59.  5 

50.  0 

87.0 

67.0 

56  5 

6054 

N.C 

(') 

0) 

0) 

23.  0 

.■  i;n 

2  3.0 

37.0 

2  8.0 

f'l 

29.  0 

2  7.0 

2  3.0 

38.  0 

27.  (1 

22.5 

6278 

Texas — 

2  9.0 

2  6.0 

(') 

19.0 

-•  l.o 

(') 

2  40.0 

1  4.0 

'  1.0 

64.0 

34.0 

(') 

62.  0 

15  ii 

29.  0 

1  Completely  flocculated. 

2  Partially  flocculated. 

In  this  case  the  degree  of  normality  was  equal  to  that 
furnished  by  5  cc  of  a  1 -normal  (N/1)  solution  in  a  liter 
of  suspension.  Due  to  its  low  solubility,  the  sodium 
oxalate  had  to  be  used  in  a  half-normal  (N/2)  solution. 
This  required  10  cc  of  the  sodium  oxalate  half-normal 
solution  per  liter  to  make  the  suspension  equinormal 
with  the  suspensions  containing  5  cc  of  the  1-normal 
potassium-hydroxide,  sodium-carbonate,  and  sodium- 
silicate  solutions. 

The  sodium-silicate  solution  specified  in  the  proce- 
dure is  prepared  by  dissolving  chemically  pure  crystals 
in  sufficient  water  to  give  the  desired  density  of  3° 
Baume.  In  the  absence  of  a  Baume  hydrometer,  the 
density  may  be  conveniently  measured  with  a  Bouyou- 
cos  hydrometer,  which  at  67°  F.  should  read  about  36.5 
gram  divisions  at  the  proper  dilution,  or  with  a  specific 
gravity  hydrometer,  which,  if  calibrated  at  67°  F., 
should  read  about  1.023. 

The  properties  of  the  sodium-silicate  crystals  used  are 
as  follows  (3):  Grayish  white  in  color;  formula  as 
identified  by  the  melting  point  of  48°  C,  NaSiO,. 
9  H20  (sodium  metasilicate) ;  loses  6  H20  at  100°  C. 

Reading  the  hydrometer. — Because  of  the  turbidity  of 
the  suspension,  the  hydrometer  is  read  at  the  top  of  the 
meniscus  which  rises  on  the  stem.  This  differs  from 
the  usual  practice  of  reading  the  hydrometer  through 
the  liquid,  at  the  point  where  the  surface  cuts  the 
hydrometer  scale.  For  this  reason  each  reading  would 
be  too  small  by  an  amount  equal  to  the  height  of  the 
meniscus  were  the  suspending  medium  pure  distilled 

1  A  normal  solution  (written  N/1  or  1  N)  is  one  which  contains,  in  a  liter  of  solution, 
a  numher  of  grams  of  the  dissolved  substance  equal  to  the  molecular  weight  divided 
by  the  number  of  replaceable  hydrogen  atoms  or  their  equivalent.  Thus,  a  normal 
solution  of  potassium  hydroxide,  KOH.  molecular  weight  56,  contains  56  grams  per 
liter  of  solution,  since  it  has  one  hydrogen  equivalent,  K.  A  solution  of  sodium 
carbonate,  Na2C03,  molecular  weight  106,  contains  53  grams  per  liler  of  solution,  a 
number  equal  to  one  half  the  molecular  weight,  since  it  has  two  hydrogen  equivalents, 
Na2. 


water.  Such  being  the  case,  a  correction  equal  to  the 
height  of  the  meniscus  or  approximately  1  division  on 
the  hydrometer  scale  (1  gram  per  liter)  would  have  to 
be  added  to  each  reading. 

In  our  case,  however,  the  density  of  the  suspending 
medium  is  increased  by  the  silicate  solution  a  constant 
amount  equal  to  a  specific  gra"v  it  \  of  0.0005  or  approxi- 
mately 0.8  gram  per  liter.  This  correction  is  subt  [ac- 
tive and  balances  for  all  practical  purposes  the  additive 
correction  of  approximately  1  gram  per  liter  referred 
to  above. 

The  top  of  the  meniscus  may  be  accurately  discerned 
by  placing  the  source  of  illumination  so  as  to  cause  a 
reflection  or  high  light  at  thai  point. 

It  is  essential  thai  the  hydrometer  be  kept  clean  while 
in  use,  as  grease  or  soil  on  the  stem  will  prevent  the 
proper  formation  of  a  meniscus,  thus  making  accurate 
readings  difficult  to  obtain,  and  causing  lag  of  the  in- 
strument. Also,  soil  accumulating  on  the  bulb  will 
cause  erroneous  readings. 

Constant-temperature  bath. — Since  the  velocity  with 
which  a  grain  of  given  diameter  will  settle  is  a  function 
of  the  viscosity  of  the  suspending  medium  and  this  in 
turn  is  dependent  on  the  temperature,  it  is  evident  that 
if  n,  the  coefficient  of  viscosity  (equation  2),  is  kept  a 
constant  throughout  the  test  a  more  accurate  solution 
of  this  formula  is  possible  than  will  be  the  case  if  n  is  a 
variable.  Changes  in  temperature  in  the  soil  suspension 
also  cause  convection  currents  which  interfere  with 
the  free  fall  of  the  particles.  Finally,  hydrometers 
should  be  used  at  temperatures  as  close  as  possible  to 
that  at  which  they  were  calibrated,  in  order  to  .avoid 
errors  due  to  thermal  expansion  or  contraction  of  the 
hydrometer  bulb. 

In  view  of  these  facts  the  soil  suspension  should  be 
maintained  at  a  uniform  temperature  which  is  as  close 
to  the  standard  temperature  as  is  possible  without  un- 
due refinement  of  apparatus. 

The  temperature  correction. — The  necessary  correction 
of  any  hydrometer  reading  for  a  variation  from  the 
standard  temperature  is  determined  by  the  accompany- 
ing change  in  the  density  of  the  water.  For  a  specific 
gravity  hydrometer  the  correction  is  equal  to  the 
difference  between  the  density  of  water  at  the  standard 
temperature  and  the  density  at  the  temperature  of  the 
suspension  under  test. 

For  the  Bouyoucos  hydrometer,  the  temperature 
correction,  Ali  (equation  1),  is  determined  by  dividing 
the  difference  between  the  density  of  water  at  the  test 
temperature  and  at  67°  F.  by  the  density  change 
equivalent  to  one  division  on  the  hydrometer  scale. 

The  density  of  the  suspension  when  a  properly  cali- 
brated Bouyoucos  hydrometer  reads  0.0  is  0.9984,  the 
density  of  water  at  67°  F.  The  density  of  the  sus- 
pension for  a  hydrometer  reading  of  50  grams  per  liter 
equals  1 .02956. 

Thus  the  total  change  in  density  for  the  .">()  divisions 
on  the  hydrometer  scale  is  1.02956-0.99840  0.03116; 
and  the  difference  for  each  gram  per  liter  division  on 
the  hydrometer  scale  equal  l  50  of  0.031 16  or  0.000623. 

The  derivation  of  the  corrections  for  temperature  al 
10°  intervals  between  10°  F.  and  11)11  F.  are  given  in 
table  3,  and  the  correction  curve  (fig.  1  )  i-  based  on  the 
values  in  the  last  column  of  this  table. 

The  corrections  obtained  from  this  curve  apply  to  a 
hydrometer  which  reads  0.0  (al  the  water  surface,  not 
at  the  top  of  the  meniscus)  in  distilled  water  tit  l>7°  K., 
the  nominal  standard  temperature  for  the  Bouyoucos 
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hydrometer.  Actually,  the  reading  at  67°  F.  is  likely 
to  vary  among  different  hydrometers  5  in  which  event 
this  reading,  if  greater  than  0.0,  must  be  subtracted  from 
each  of  the  temperature  corrections;  if  less  than  0.0, 
it  must  be  added. 

The  reading  to  be  added  or  subtracted  is  the  reading 
of  the  Bouyoucos  hydrometer  in  distilled  water  at  67° 
F.  The  correction  curve  is  then  plotted  a  correspond- 
ing number  of  divisions  to  the  right  of  0  correction  when 
the  reading  is  positive  and  to  the  left  of  this  location 
when  the  reading  is  negative. 


SO 

L 

u. 

if) 

uj    60 

cr 

O 

^    70 
cr 

3 
t- 
< 

cr 

UJ 

|    80 

UJ 

H 
90 

inn 

/ 

+  6  +4 

TEMPERATURE 


+  2  0  -2 

CORRECTION    A/?  -GRAMS 


Figure     1.- 


-Temperature     Correction     Curve 
Bouyoucos  Hydrometer  Reading. 


for     the 


As  an  alternate  method,  the  temperature  correction 
curve  may  be  determined  by  reading  the  hydrometer  in 
distilled  water  at  successive  temperatures  between  40° 
F.  and  100°  F. 

Table  3. — Derivation  of  temperature  corrections  for  the  Bouyoucos 
hydrometer  readings 


Equivalent 

number  of 

Difference 

ilu  isions 

Temper- 
ature cor- 
rection 

Temper- 

Density of 

from 

on  the  hy- 

ature 

water 

density 
at  67°  F. 

drometer 

scale. 

Diff. 

0.000623 

"F. 

40 

0.  9999986 

ii  0016428 

2.  fi3 

-2.6 

50 

9997282 

.  0013724 

2  20 

—  2  2 

do 

.9990343 

.  0006785 

1.09 

-1.  1 

67 

9983558 

.00001  ii  in 

i 

0.0 

70 

.9980016 

.  0003542 

0.56 

+0.  Ii 

80 

9966273 

0017285 

2  :< ; 

+2.  s 

90 

.  9949920 

.  0033638 

5.3S 

+  5.  4 

Kin 

.9930691 

.  0052867 

8  46 

+8.5 

Calibration  of  the  hydrometer  scale. — This  operation 
may  be  accomplished,  if  desired,  by  comparing  the 
readings  of  the  Bouyoucos  hydrometer  with  those  of 
standard  density  hydrometers,  or  with  the  densities  of 
standard  solutions.  For  this  purpose  the  relation  be- 
tween the  grams  of  soil  per  liter  and  the  corresponding 
density  of  the  suspension  must  be  determined. 

s  Among  seven  hydrometers  used  by  the  writer  in  the  cooperative  subgrade  soils 
laboratory  at  Ohio  State  University,  this  reading  varied  from  0.0  to  —1.5. 


The  density  of  a  soil  suspension  equals,  in  c.g.s.  units, 
weight  of  water  +  weight  of  suspended  soil 
volume  of  water  +  volume  of  suspended  soil 

This  may  be  formulated  as  follows: 


\  +  w 


D  = 


V 


(3) 


In  which  D  =  density  of  suspension. 

V=  volume  of  suspension  in   cubic  centi- 
meters. 
w  =  weight  of  suspended  soil,  grams. 
6'i  =  density  of  water. 
G  =  specific  gravity  of  soil. 

Substituting  1,000  for  V,  2.65  for  G,  and  0.9984  for 


Gu  we  have, 


D  = 


0.9984^1,000  -2^)  +  w 


1,000 


w 


0.9984. 


1604.5 
and  w  =  1604.5  (D-.9984). 


-(4) 

--(5) 

Equation  5  expresses   the  basic  relation  between   the 
grams  of  soil  per  liter  of  suspension  and  the  density  for  i 
standard  test  conditions. 

Since  the  Bouyoucos  hydrometer  is  proposed  to  show 
the  grams  per  liter  under  these  conditions,  equation  5 
should  express  also  the  relation  between  the  hydrometer  i 
readings  and  the  corresponding  densities  of  the  sus- 
pensions. 

The  calibration  curve  of  the  hydrometer  scale, 
therefore,  is  the  curve  which  expresses  the  relation 
of  the  observed  readings  to  the  values  of  w  computed 
according  to  equation  5. 

On  the  basis  of  the  relation  between  density  of: 
suspension  and  weight  of  suspended  soil,  expressed  in 
equation  5,  the  percentage  of  originally  dispersed  soil 
per  liter  corresponding  to  a  given  density  of  suspension 
may  be  determined  from  equation  1  by  substituting  for 
the  quantity  R+AR  (which  equals  w  for  a  specific 
gravity  of  2.65)  the  equivalent  value  of  w  in  terms  of 
density,  1604.5  (D+  AD)  -  0.9984,  in  which  AD  equals 
the  correction  of  the  density  for  a  temperature  other 
than  67°  F.  When  this  substitution  is  made,  equation 
1  becomes 


/' 


1604.5[(/7+ AP)-0.9984]a 

w 


»  100 


(6) 


For  example,  for  the  values 
D+AD  =  1.0248,  o  =  1.05,  and  1F=50 


1604.5(1.0248-0.9984)1.05 
50 


x  100  =  88.95  percent 


Specific  gravity  cornet  ion. — Since  for  a  given  weight 

of  soil  dispersed,  the  density  of  the  suspension  varies 

with  the  specific  gravity  of  the  soil,  the  readings  of  the 

Bouyoucos  hydrometer  must   also  be  corrected  for  a 

I  soil  gravity  other  than  2.65  in  order  to  determine  the 
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true  grams  per  liter  concentration.  The  necessity  for 
this  correction  was  first  noted  in  the  cooperative  sub- 
grade  soils  laboratory  at  Ohio  State  University  when 
the  writer  attempted  to  make  hydrometer  tests  on 
three  paint  pigments  with  specific  gravities  ranging 
from  4  to  5.5.  As  a  result  of  the  high  specific  gravities, 
the  1 -minute  readings  in  suspensions  of  50  grams  per 
liter  ranged  from  57  to  62.5. 

Since  the  hydrometer  reading  for  any  given  weighl 
of  suspended  soil  is  determined  by  the  difference 
between  the  density  of  water  and  that  of  the  soil 
suspension,  readings  in  a  suspension  of  soil  having  a 
gravity  other  than  2.65  must  be  corrected  in  propor- 
tion as  this  difference,  or  density  range,  varies  from 
that  of  a  suspension  of  an  equal  weight  of  soil  of  gravity 
2.65. 

If  the  specific  gravity,  G,  of  the  soil  is  greater  than 
#0  =  2.65,  the  reading  of  the  hydrometer  will  be  such  as 
to  give,  if  uncorrected,  a  percentage  of  soil  in  suspension 
which  exceeds  the  correct  percentage  in  proportion  as 
the  density  range  exceeds  the  density  range  under 
standard  conditions  (i.e.,  when  67=  670  =  2.65).  The 
specific  gravity  coefficient  a  is  therefore  defined  by  the 
ratio 

„     Do-Gx 

where 
D  =  density  of  suspension. 

Do  =  density  of  suspension  under  standard  conditions. 
*    Substituting  the  expression  for  density  of  suspension 
given  in  equation  3,  we  have 


D-G,= 


G\ 


"'  \ 
G) 


+  w 


w 


V 

(G-Gt) 


Gl 


GV 

Similarly,  for  standard  conditions 

wiGo-GJ 


D0-G1  = 


G„\ 


The  value  of  a  is  therefore  given  by  the  expression 


a  = 


D-Gl 

wjGp-Gj) 
GQV 

G0  —  Gi  vy 


GV 

w{G-Gx) 


G 


Go        G—  G{ 
Since  £0  =  2.65  and  6^  =  0.9984, 
2.6500-0.9984  G 


2.6500 


£-0.9984 


The  curve  of  the  values  of  a  for  specific,  gravities  be- 
tween 2.00  and  3.00  is  shown  in  figure  2. 

This  correction  of  the  hydrometer  reading  for  deter- 
mining the  percentage  of  soil  in  suspension  was  ex- 
pressed in  tabular  form  in  the  procedure  published  in 
Public  Roads,  vol.  12,  no.  8.  It  should  not  be  con- 
fused with  curve  C,  figure  3,  in  the  same  publication. 
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Figure  2. — Specific  Gravity  Correction  Curve  for  Hydrom- 
eter  Reading. 

which  shows  specific  gravity  corrections  to  be  used  for 
determining  the  soil  particle  size. 

The  distance  of  particle  settlement,  L. — It  is  well  to 
recall  at  this  point  that  the  hydrometer  method  of 
analysis  consists  of  two  separate  and  distinct  opera- 
tions: (a)  The  determination  of  the  percentage  of  soil 
in  suspension  after  any  period  of  sedimentation  and  (b) 
the  determination  of  the  corresponding  maximum  grain 
size. 

The  preceding  discussion  has  brought  out  the  fact 
that  the  determination  of  the  percentage  of  the  soil  in 
suspension  is  made  according  to  well  established  phys- 
ical laws  and  hence  can  be  considered  in  the  nature  of 
an  exact  operation. 

In  contrast,  the  use  of  Stokes's  law  in  the  determina- 
tion of  particle  size,  requires  so  many  assumptions  thai 
the  value  of  L  becomes  entirely  arbitrarj  and  can  h; 
determined  only  by  comparison  with  other  methods  ol 
determining  grain  size. 

BASIC   ASSUMPTIONS   OF   STOKES'S   I. A"     DISCUSSED 

A  brief  statement  of  the  assumptions  embodied  in  the 
IIS('  "'  Stokes's  formula  and  their  validity  will  serve  to 
make  clea*  its  limitations,  especially  when  applied  to 
the  hydromei^,.  method  of  soil  analysis.  These  as- 
sumptions, accor&Ug  to  Searle  (4)  and  Keen  (5),  are 
as  follows: 

t.  The  particles  of  solid  matter  are  much  larger  than 
the  particles  of  the  liquid.  This  holds  true  for  only 
those  particles  whose  size  IS  m  i  -,,  minute  that  they 
begin  to  show  Brownian  movement 

2.  The  liquid  is  of  infinite  extent  n,  comparison  with 
the  settling  particles,  i.e.,  the  motion  is  not  affected  by 
the  proximity  of  the  containing  walls  or  ol  neighboring 
particles.  Usually  the  vessel  is  huge  enougL  to  over- 
come the  effecl  of  the  containing  walls,  hut  high  con- 
centration- of  suspended  soil  may  interfere  with  the 
free  fall  of  the  particle-. 
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3.  The  particles  are  smooth  and  rigid  spheres.  Soil 
particles  can  be  considered  rigid,  but  they  are  not 
necessarily  smooth,  and  are  rarely  spherical. 

4.  No  slipping  occurs  between  the  particles  and  the 
liquid.  This  assumption  can  be  taken  as  correct, 
since  soil  particles  are  wetted  by  water. 

5.  The  settling  velocity  of  the  particles  is  small. 
This  can  be  considered  true,  as  only  the  smaller  particles 
(with  low  settling  velocities)  are  usually  considered, 
those  of  larger  size  being  graded  by  means  of  sieves 
rather  than  on  the  basis  of  their  settling  velocities. 

6.  The  particles  are  small,  but  not  excessively  so, 
since  those  of  colloidal  size  are  influenced  by  their 
Brownian  movement.  Stokes's  formula  is  not  ap- 
plicable to  colloidal  particles  unless  corrected  by  a 
factor  depending  on  the  collisions  between  particles,  a 
correction  which  is  not  usually  made. 

7.  The.  particles  settle  as  individuals  and  not  as 
aggregations,  such  as  may  be  formed  due  to  floceula- 
tion.  Flocculation  may  usually  be  prevented  by  use  of 
a  chemical  reagent;  an  apparently  deflocculated  sus- 
pension, however,  may  contain  some  flocculated  clay 
particles  not  discernible  by  ordinary  means,  which 
will  lead  to  error  because  the  aggregations  do  not  settle 
at  a  normal  rate,  and  may  absorb  and  carry  with  them 
fine  sand  and  silt  particles. 

8.  The  coefficient  of  viscosity  of  the  suspending  me- 
dium is  assumed  as  being  that  of  water.  As  a  matter 
of  fact  the  viscosity  may  vary  from  that  of  water  be- 
cause of  soluble  material  in  the  soil,  unless  tliis  is  first 
removed  by  washing,  or  because  of  the  presence  of 
colloidal  material  fine  enough  to  remain  suspended  in- 
definitely. 

9.  A  suspension  at  any  given  depth,  L,  after  a  given 
time,  T,  contains:  (a)  no  particles  whose  velocity  of 
fall  exceeds  L/T,  and  (6)  in  the  same  concentration  as 
when  originally  dispersed,  all  particles  with  a  velocity 
of  L/T  or  smaller. 

Therefore,  at  a  given  time,  T,  the  suspension  at  any 
depth,  L,  is  assumed  as  representative  of  the  original 
concentration  of  that  portion  of  the  soil  particles 
smaller  than  a  particular  maximum  grain  size  whose 
velocity  of  fall  is  L/T.  This  assumption  is  not  strictly 
true,  because  in  high  concentrations  the  fall  of  the  large 
particles  is  likely  to  increase  the  fall  of  the  smaller 
particles  by  contact;  and  in  the  same  manner  the 
smaller  particles  are  likely  to  decrease  the  rate  of  fall 
°f  the  larger  particles. 

10.  There  is  a  plane  of  maximum  grain  size  at  a 
depth,  L,  representative  of  the  percentage  of  soil  in 
suspension  revealed  by  the  hydrometer. 

Such  a  plane  exists,  but  its  location  with  respect  i<J 
the  position  of  the  hydrometer  varies  with  the  sh°Pe  °f 
the  hydrometer  and  the  grading  of  the  soil.  Therefore, 
any  selected  value  of  L  can  only  be  cons^vn>(l  as  indi- 
cating the  average  position  of  this  pla^'  tor  au"  SOllS  and 
this  must  be  determined  bv  trial, 

To  make  the  results  obtain^  by  the  hydrometer 
method  agree  with  those  fu  washed  _  by  any  other  meth- 
od, it  is  only  necessary  to  substitute  in  equation  2 
those  values  of  L  which  indicate  for  a  given  percentage 
in  suspension  the  same  maximum  grain  sizes  as  are 
indicated  by  the  other  method  of  analysis. 

VALUE  OF  L  DETERMINED  BV  COMPARISON  WITH  PIPETTE  METHOD 

In  the  present  instance  it  was  desired  to  determine 
that  value  of  L  which,  when  substituted  in  Stokes's 
formula,  indicates  for  given  percentages  in  suspension 
the  same  maximum  grain  sizes  as  those  indicated  by 


the  pipette  method  of  the  Bureau  of  Chemistry  and 
Soils.  This  was  desired,  not  because  the  agronomists' 
classifications  are  directly  applicable  for  use  in  sub- 
grade  surveys  but  because  of  the  great  amount  of  avail- 
able published  information  on  soil  surveys  made  by 
that  Bureau  and  the  very  important  part  the  mechan- 
ical analysis  plays  in  its  soil  classification. 

In  the  first  investigation  at  Arlington,  L  was  tenta- 
tively assumed  to  equal  the  distance  from  the  surface 
of  the  suspension  to  the  location  of  the  center  of  volume 
of  the  hydrometer  system  in  the  suspension. 

Tests  in  the  laboratory  of  the  Bureau  of  Public 
Roads  disclosed  that  the  clay  contents  indicated  by 
the  use  of  this  value  of  L  agreed  fairly  well  with  those 
indicated  by  a  method  formerly  used  by  the  Bureau  of 
Chemistry  and  Soils  (6).  They  were  appreciably 
smaller,  however,  than  the  clay  contents  indicated  by 
the  pipette  method  now  used  by  the  Bureau  of  Chem- 
istry and  Soils  (7).  Consequently,  a  second  trial  value 
of  L  was  investigated. 

Since  at  any  time  after  the  beginning  of  the  test  the 
density  varies  from  top  to  bottom,  it  seemed  logical  to 
assume  that  the  required  maximum  diameter  will  be 
located  at  the  plane  where  the  density  is  equal  to  the 
average  density  of  that  portion  of  the  suspension  sup-3 
porting  the  hydrometer. 

Additional  investigation  in  the  laboratory  of  the 
Bureau  of  Public  Roads,  by  means  of  pipette  extrac- 
tions, disclosed  that  the  plane  of  average  density  of  the 
portion  of  the  suspension  supporting  the  hydrometer 
varies  from  0.33  for  some  soils  to  0.50  of  the  distance 
from  the  surface  of  the  suspension  to  the  bottom  of  the 
hydrometer  for  other  soils.  Therefore  a  value  of  L 
equal  to  0.42  of  the  immersed  depth  of  the  hydrometer 
may  be  taken  as  the  average  distance  from  the  surface 
of  the  suspension  to  the  plane  of  average  density  of 
that  portion  of  the  suspension  supporting  the  hydro- 
meter. This  value  was  selected  as  a  second  trial  value 
of  L. 

The  hydrometer  method,  with  this  new  value  of  L, 
gave  results  in  substantial  agreement  with  those  ob- 


tained  by  the  Bureau  of  Chemistry  and  Soils. 

Table  4. — Comparison    of   the    corrected    Bouv^oOS    hydrometer 
reading  with  the  concentration  in  gram."  fcr  ^er  <"  the  reference 
point 

Soil  no. 

Time 

Hydrom- 
eter 
reading 

Grams  per 
liter  at  0.42 
of  distance 
from  surface 
to  bottom 
of  hydrom- 
eter 

405C       

Hours 
{        24 
1         24 
[        24 
I         24 
[        24 
{        24 
I         24 

l           ' 

I        24 

I        24 

28.0 
22.0 
10.5 
43.0 
32.5 
17.0 
14.2 
9.3 
4.0 
13.5 
9.  1 
6.2 
20.4 
15.4 
11.7 
23.0 
17.9 
11.2 
21.9 
17.6 
12.8 
15.8 
13.5 
10.0 
25.7 
19.3 
10.8 

27.  ( 
23.  ( 
ll.( 

42.; 

33..' 

15.  ( 

12.; 
3!; 

12.  ( 
8.( 
5.( 
20.  i 
15.' 
10. 1 
21.1 

16.: 
10.; 
21.1 
17.: 

10.' 

15.1 
12.1 
9.1 

26.1 
19.1 
11.1 

4281     

602 _ 

683 

720 

770.  .- 

80S                                                                

842 

965 -- 
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As  illustrated  in  table  I,  the  agreement  between  the 
corrected  hydrometer  reading  and  the  concentration  in 
grams  per  liter  indicated  by  pipette  extractions  was 
found  to  substantiate  the  assumption  that  the  plant'  of 
the  average  density  of  that  portion  of  the  suspension 
holding  the  hydrometer  is  located  a  distance  from  the 
top  of  the  suspension  equal  to  the  selected  value  of  /.. 

Subsequently  a  third  investigation  of  the  required 
value  of  L  was  made.  In  tins  case  the  hydrometer 
reading  R,  required  to  give  the  percentage  of  a  particular 
fraction  (e.g.,  clay,  0.005  mm)  obtained  by  the  pipette 
method  was  determined  from  equation  1  by  substituting 
the  percentage,  P,  of  the  fraction,  together  with  the 
necessary  temperature  and  specific  gravity  corrections, 
A  R  and  a,  and  weight  of  soil,  W,  used  in  the  hydrom- 
eter test.  The  time  interval,  T,  corresponding  to  tins 
reading  was  then  determined  from  the  curve  of  original 


the  determination  of  the  total  clay  content  (0.005  to 
i)  nun)  and  between  272  and  473  minutes  for  the  de- 
termination of  the  line  clay  content  (0.002  to  0  nun )  for 
hydrometer  readings  of  60  and  0,  respectively. 

To  accomplish  the  same  results  Bouyoucos  (9)  sug- 
gested that  a  time,  7',  of  1  hour,  be  used  to  determine 
the  total  clay  content  and  a  time  of  '_'  hours  be  used 
to  determine  the  line  day  content.  Eno  (10)  suggested 
a  time,  7',  of  (Kl  minutes  lor  the  total  clay  content  and 
370  minutes  for  the  fine  clay  content. 

In  addition,  times  varying  from  57.5  to  137.2  min- 
utes (depending  on  the  depth  of  the  hydrometer)  for 
the  total  clay  content,  and  from  3.")'.)  to  857  minutes 
for  the  fine  clay  content,  were  found  in  the  first  investi- 
gation of  the  method  by  the  Bureau  of  Public  Roads, 
in  winch  the  reference  plane  was  assumed  to  be  located 
;tt    the   center  of    volume   of   the   hydrometer   system. 
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time  of  sedimentation,  t-minutes 
-Various  Times  of  Sedimentation  for  ('lay  and   Fine  Clay 


hydrometer  readings  plotted  against  time.  With  this 
value  substituted  for  T,  and  the  particular  grain 
diameter  substituted  for  </,  Stokes's  formula  was  then 
solved  for  L,  the  depth  of  settlement.  The  ratio  of 
this  depth  to  the  immersed  depth  of  the  hydrometer 
gave  I  as  a  fraction  of  the  distance  from  the  surface 
of  the  suspension  to  the  bottom  of  the  hydrometer. 

A  number  of  determinations  made  in  this  manner  by 
use  of  hydrometer  test  data  in  conjunction  with  results 
furnished  by  the  Bureau  of  Chemistry  and  Soils  gave 
an  average  value  for  L  equal  to  0.419  of  the  immersed 
depth  of  the  hydrometer.  Since  this  value  agreed  with 
the  selected  value  of  L,  equal  to  0.42  of  the  immersed 
depth,  the  latter,  which  had  now  been  in  use  for  sonic 
time,  was  adopted  for  use  in  the  procedure  as  pub- 
lished. 

DEPTHS  OF  SETTLEMENT  OF  GRAINS  OF  A  PARTICULAR  DIAMETER 

According  to  Stokes's  law  L,  the  distance  of  particle 
settlement,  is  a  function  of  T,  the  time  of  settlement. 
Therefore,  the  distance  of  settlement  for  grains  of  any 
particular  diameter  may  be  expressed  also  in  terms  of  t. 

The  values  of  T  corresponding  to  the  values  of  L 
selected  for  use  in  the  Bureau  of  Public  Roads  pro- 
cedures  (8)  vary  between  43.5  and   75.0  minutes   for 


The  depths  of  settlement,  L,  of  the  clay  and  fine  clay 
particles,  corresponding  to  the  various  values  of  T 
referred  to  above,  as  compute:!  for  standard  test  con- 
ditions, are  shown  in  table  5. 


Table   5.- 


Distance  of  Setth  incut ,  /.,  of  rim/  and  fine-clay  particles 
for  various  suggested  linns,   '/' 


Clay:  Particles  finer  l  han 

Fine  rtav: 

'  ii  t  n  les  finer 

i  mm 

than  0.002  linn 

T 

L 

T 

/. 

Miiinlis 

1  V  nil  imh  ix 

'Minutes 

meters 

f,0 

9 

120 

2.  53 

43.  5 

;,  75 

370 

- 

75  fi 

|()  00 

272 

57.5 

7,  GO 

173 

10.00 

137.2 

is.  15 

7.  B0 

B57 

The  significance  of  the  use  of  the  different  suggested 
times  of  sedimentation  for  determining  the  clay  and 
line-clay  fraction  is  illustrated  in  figure  3,  which  shows 
the  relation  between  hydrometer  reading,  time  of  sedi- 
mentation as  a  function  of  L,  and  grain  diameters  of 
0.005  mm  and  0.002  mm.     Line  A  indicates  the  time  of 
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sedimentation  for  clay  (0.005  mm)  suggested  by  Bou- 
youcos  and  Eno.  Line  B  is  the  time  of  sedimentation 
for  fine  clay  (0.002  mm)  suggested  by  Bouyoucos;  and 
line  C  the  time  for  fine  clay  suggested  by  Eno.  These 
three  lines  give  constant  grain  diameter  for  all  positions 
of  the  hydrometer. 

Lines  F  and  G  indicate  the  times  of  sedimentation  for 
clay  and  fine  clay  corresponding  to  values  of  L  equal 
to  the  distance  from  the  surface  of  the  suspension  to 
the  center  of  volume  of  the  hydrometer,  as  used  in  the 
first  investigations  by  the  Bureau  of  Public  Roads. 


SCREW   INTO 
STIRRING    SHAFT. 


Figure  4. — Detail  of  Stirring  Paddle. 

Lines  D  and  E  indicate  the  times  of  sedimentation  for 
the  clay  and  fine-clay  fractions  corresponding  to  the 
values  of  L  equal  to  0.42  of  the  distance  from  the  surface 
of  the  suspension  to  the  bottom  of  the  hydrometer  as 
specified  in  the  Bureau's  procedure. 

As  compared  with  curve  A  (60-minute  sedimenta- 
tion) the  times  corresponding  to  the  selected  L,  curve 
D,  figure  3,  are  such  as  to  indicate  higher  clay  contents 
for  soils  with  more  than  about  60  percent  of  clay;  lower 
clay  contents  for  soils  with  less  than  about  60  percent; 
and  the  same  clay  contents  for  soils  with  about  60  per- 
cent of  clay. 

For  moderately  heavy  clay  soils  the  clay  contents 
based  on  the  60-minute  reading,  line  A,  figure  3,  were  in 
substantial  agreement  with  those  indicated  by  the 
pipette  method.  On  the  same  basis,  however,  the  clay 
contents  of  very  fat  clays  were  indicated  to  be  slightly 
low  and  those  of  very  lean  soils  were  indicated  to  be 
somewhat  high  when  compared  with  the  results  fur- 
nished by  the  pipette  method.  Therefore,  the  times 
(line  D)  which  change  with  the  hydrometer  reading 
indicate  clay  contents  in  closer  agreement  with  those 
indicated  by  the  pipette  method  than  the  60-minute 
reading  (line  A). 

Curves  1,  2,  3,  and  4,  figure  3  and  table  6,  illustrate 
how  the  effect  of  variations  in  L  depends  upon  the  grad- 
ing of  the  soil  sample.  Here  it  can  be  seen  that  L  is 
critical  only  for  those  portions  of  the  curves  of  hydrome- 
ter reading  against  time  which  slope  appreciably. 
Consequently,  if  primary  interest  is  in  the  determina- 
tion of  the  clay  and  the  fine  clay  contents,  L  is  critical 
for   those   soils   whose   curves   of  hydrometer  reading 


against  time  slope  appreciably  in  the  vicinity  of  either 
the  60-  or  370-minute  ordinates.  Thus  L  is  critical  for 
the  fine-clay  content  for  the  soil  curve  1 ;  for  both  clay 
and  fine-clay  content,  curve  2;  and  for  the  clay  content, 
curve  4. 

Table  6. — Percentage  of  clay  (0.005  mm)  and  fine  clay  {0.002  mm) 
as  determined  by  various  times  of  sedimentation.     (Fig.  3) 


Soil  curve  no. 

Percentage  clay  (0.005 
mm)     according     to 
line— 

Percentage  fine  clay  (0.002  mm) 
according  to  line — 

A 

D 

F 

B 

C 

E 

G 

1 

2 

3 

93.0 
83.8 
44.2 
20.0 

93.6 
86.4 
44.0 
17.0 

92.0 
77.0 
42.0 
8.6 

89.8 

69.0 

42.0 

9.4 

81.0 

50.6 

38.6 

3.6 

82.8 
49.8 
38.0 
3.0 

70.0 
43.8 
36.4 

4... 

1.6 

NEW  APPARATUS  DEVELOPED  IN  CONNECTION  WITH  THE 
HYDROMETER   INVESTIGATIONS 

Improvements  in  dispersing  apparatus. — The  stirring 
paddle  furnished  with  the  dispersing  apparatus  tends 
to  wear  out  rather  rapidly,  especially  when  sandy  soils 
are  dispersed.  This  necessitates  frequent  changing 
of  the  paddle  in  order  that  the  efficiency  of  the  appa- 
ratus shall  not  be  impaired.     Furthermore,  the  paddle 


Figure  5. — Dispersion  Cups. 

of  the  dispersing  apparatus  as  purchased  is  an  integral 
part  of  the  stirring  shaft.  Therefore,  it  was  necessary 
to  replace  the  entire  stirring  rod  in  order  to  replace  the 
paddle.  A  new  paddle  (fig.  4),  made  of  wear-resisting 
material  and  designed  to  thread  into  the  end  of  the 
stirring  rod,  makes  the  necessity  of  replacing  paddles 
less  frequent  and  eliminates  the  necessity  of  changing 
the  stirring  rod  with  the  paddle. 

There  was  a  tendency  for  some  soils  to  accumulate 
in  the  bottom  and  around  the  baffles  of  the  original 
flat-bottom  dispersing  cup  (see  fig.  5,  left).  To  over- 
come this  difficulty  a  new  cup  with  a  semispherical 
bottom  and  detachable  baffles  has  been  recently  de- 
signed and  constructed  for  use  in  the  Bureau's  soils 
laboratory   (see  fig.  5,  right). 

Preliminary  tests  made  with  this  cup  indicate  that 
the  shape  exerts  an  influence  on  the  degree  of  dispersion. 
In  these  tests  duplicate  samples  of  each  of  two  soils  were 
agitated  for  equal  periods  in  the  two  cups  and  tested 
with,  a   hydrometer.     These    periods   were    purposely 
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shortened  so  thai  the  soil  would  not  be  completely 
dispersed  and  comparative  results  would  be  obtained. 

Those  results  arc  given  in  table  7.  The  higher  readings 
indicate  that  the  concave  bottom  facilitates  dispersion 
of  the  soil  sample. 

Table  7. — Hydrometer    readings    in    suspensions    of    duplicate 

samples  dispersed  (1)  in  original  cup  and  i  .')   in  cup  of  new 
design 


Soil  No.  1 

Soil  No  2 

Dispersed  5  minutes  each 

Dispersed  3  minutes  each 

Time 

II  j  drometer 
reading 

I  ime 

Hydrometer 
reading 

(?) 

40.0 

38.5 

26.4 

19.5 

(«) 

40.9 
39.  4 
28.  o 
21.7 

U) 
24.7 

16.0 
12.0 
6.3 

25  6 

15  minutes 

is 

18  hours. 

3  hours 

11  5 

42  hours 

24  hours 

7.8 

The  new  hydrometers. — The  new  hydrometers  for  soil 
analyses  developed  as  an  outgrowth  of  the  Bureau's 
soil  investigations  are  made  with  a  bulb  of  special 
shape.  These  hydrometers  are  calibrated  to  read  spe- 
cific gravity  directly  on  the  basis  of  a  water  density  of 
1  at  07°  F.  They  are  calibrated  at  this  temperature 
for  convenience  in  comparing  test  results  with  those 
furnished  by  the  Bouyoucos  hydrometer.  One  hydro- 
meter has  a  range  of  0.995  to  1.050  specific  gravity. 
which  covers  extreme  densities  of  suspensions  due  to 
high  specific  gravities  of  suspended  material  or  use  of 
large  samples.  The  other  two  hydrometers  cover 
ranges  of  0.995  to  1.020  and  1.015  to  1.040,  respec- 
tively, and  are  intended  for  more  accurate  analytical 
work. 

The  general  design  of  these  hydrometers  is  shown  in 
figure  6,  A,  which  illustrates  the  first  hydrometer  men- 
tioned, as  compared  with  the  Bouyoucos  hydrometer 
(fig.  6,  B).  The  specific-gravity  hydrometers  are  loaded 
with  mercury  confined  by  a  glass  septum  according  to  a 
design  patented  by  the  manufacturer.  The  shape  of 
the  bulb  is  designed  to  minimize  disturbance  of  (lie 
suspension  when  the  hydrometer  is  inserted  or  removed. 

The  percentage  of  soil  in  suspension  corresponding 
to  a  given  reading  of  a  specific  gravity  hydrometer  is 
determined  from  equation  6,  by  substituting  the  hy- 
drometer reading  for  D.  Since  the  new  hydrometers 
are  calibrated  on  the  basis  of  a  water  density  of  1.0  at 
67°  F.,  it  is  also  necessary  to  substitute  this  value  for 
the  absolute  density  0.9984,  in  the  equation.  The 
temperature  correction,  AD,  is  equal  to  the  difference 
in  the  relative  density  of  water  at  67°  F.  and  at  the 
temperature  of  the  suspension  under  test.  The  curve 
of  temperature  corrections  for  the  specific  gravity 
hydrometer  is  shown  in  figure  7. 

The  formula  for  the  percentage  of  soil  in  suspension 
corresponding  to  a  reading  of  the  specific  gravity 
hydrometer  is  written: 


,=  1604.5  (D+AD-l)a 
W 


X100 (7) 


The  value  of  L  for  use  in  the  computation  of  the 
maximum  grain  diameter  corresponding  to  a  given 
reading  of  a  specific  gravity  hydrometer  is  the  distance 
from  the  surface  of  the  suspension  to  the  elevation  of 
the  absolute  center  of  volume  of  the  hvdrometer.     This 
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Figure  6. — Specific  Gravity  and  Bouyoucos  Hydrometers 

<  loMPARED. 

is  because  the  differences  between  the  distances  from 
the  surface  of  the  suspension  to  the  absolute  center  of 
volume  and  to  the  center  of  volume  of  the  immersed 
portion  of  the  hydrometer  are  so  small  that  they  do  ik>i 
affecl  the  results  appreciably. 

Subsequently,  it  is  shown  that,  probably  because  of 
the  difference  in  the  shapes  of  the  two  hydrometers, 
results  obtained  by  the  use  of  the  specific  gravity  hy- 
drometer, with  L  as  designated,  are  in  substantia] 
agreement  with  those  furnished  by  the  Bouyoucos  hy- 
drometer, with  L  equal  to  0.42  of  the  immersed  depth. 

'fhe  laboratory  test  procedure  lor  the  specific-gravity 
hydrometer  is  the  same  as  thai  used  for  the  Bouyoucos 
hydrometer.  The  formulas  given  for  the  determina- 
tion of  t  he  percentages  and  the  grain  diameter-  serve  as 
a  hasis  for  the  construction  of  the  necessary  charts  for 
the  graphical  solution  of  the  data. 

These  charts  are  like  those  used  for  solution  of  the 
tesl  data  (d)taincd  with  the  Bouyoucos  hydrometer, 
except  that  density  values  are  substituted  for  grams  per 
liter  on  the  vertical  scales,  ami  the  curves  of  time  of 
sedimentation  in  the  chart  for  the  grain  diameter  deter- 
minations are  based  on   the  distance  to  the  center  of 
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Figure     7. — Temperature     Correction     Curve     for     the 
Specific   Gravity   Hydrometer   Reading. 

volume  rather  than  on  0.42  of  the  distance  to  the  lower 
end.  With  these  revised  charts  the  graphical  solution 
may  be  performed  with  the  same  apparatus  and  in  the 
same  manner  as  in  the  case  of  the  Bouyoucos  hydrom- 
eter, as  described  in  the  published  report  on  the  graphi- 
cal solution  (8). 

AGREEMENT  OF  RESULTS  OBTAINED  BY  DIFFERENT  METHODS  OF 
ANALYSIS 

As  a  final  step  in  the  mechanical  analysis  investiga- 
tion, the  results  furnished  by  the  hydrometer  method 
were  compared  with  those  furnished  by  three  other 
sedimentation  methods. 

The  sedimentation  methods  were: 

(a)  The  pipette  method  of  the  Bureau  of  Chemistry 
and  Soils. 

(6)  A  modified  pipette  method  employed  in  the 
laboratory  of  the  Bureau  of  Public  Roads. 

(c)  A  beaker  method  employed  at  the  subgrade  soils 
laboratory  of  the  Ohio  State  University. 

PIPETTE   METHOD   DESCRIBED 

The  analyses  by  the  method  of  the  Bureau  of  Chem- 
istry and  Soils  were  performed  in  the  laboratories  of 
that  Bureau.  The  essential  features  of  this  method  are 
as  follows:  Two  samples  of  that  portion  of  the  air-dried 
soil  passing  a  2-millimeter  screen  are  weighed  out,  a 
10-gram  sample  for  the  analysis  and  a  5-gram  sample 
for  the  determintion  of  hygroscopic  moisture. 

The  10-gram  sample  is  placed  in  a  250-cubic  centi- 
meter Pyrex  electrolytic  beaker  (diameter  5  cm,  height 
13  cm)  and  6  percent  hydrogen  peroxide  is  added  in  suf- 
ficient amount  (40  cc  or  more)  to  decompose  the  organic 
matter.    The  removal  of  the  organic  matter  is  indicated 


by  a  change  in  color  of  the  soil  from  dark  to  light, 
caused  by  the  removal  of  the  black  organic  material 
from  the  soil.  The  beaker,  containing  the  sample  and 
peroxide,  is  warmed  in  a  slow  steam  bath6  over  night. 
Then  if  all  organic  matter  does  not  appear  to  have  been 
removed,  more  hydrogen  peroxide  of  full  strength  (30 
percent)  is  added.  After  decomposition  of  the  organic 
matter,  the  excess  peroxide  is  boiled  off. 

The  soil  sample  is  then  washed  as  follows:  The  con- 
tents of  the  beaker  are  filtered  by  means  of  a  short 
Pasteur-Chamberland  filter,  the  residue  washed  by 
stirring  with  125  cc  of  distilled  water  and  again  filtered, 
this  process  being  repeated  six  times.  After  each  filtra- 
tion the  soil  adhering  to  the  filter  is  removed  from  the 
filter  by  applying  back  pressure,  and  replaced  in  the 
beaker. 

Following  the  last  washing,  the  soil  sample  is  evap- 
orated to  dryness  and  then  oven  dried  at  105°  C.  for 
16  hours  (over  night).  After  cooling  in  a  dessicator, 
the  beaker  and  sample  are  weighed  to  the  nearest  milli- 
gram, the  difference  between  the  weight  and  that  of  the 
beaker  alone  being  the  weight  of  sample  after  organic 
matter  and  solution  loss. 

The  sample  is  then  transferred  to  a  250  cc  nursing 
bottle,  10  cc  of  0.5  N  sodium  oxalate  solution  added  as 
a  deflocculating  agent,  and  the  volume  made  up  with 
distilled  water  to  150  cc.  The  bottle  is  then  placed  in  a 
shaking  machine  and  shaken  over  night. 

When  the  shaking  is  completed,  the  contents  are 
washed  through  a  small  sieve  fitted  with  Tyler  300- 
mesh  wire  screen  cloth  (size  of  openings  0.05  mm, 
square)  into  a  1 -liter  graduated  cylinder,  which  is  then 
filled  to  the  1 -liter  mark  with  distilled  water  and  set 
aside  for  sedimentation. 

The  material  remaining  on  the  sieve  (sand  plus  some 
silt)  is  dried  and  weighed  and  separated  by  sieves  into 
size  classes. 

The  contents  of  the  sedimentation  chamber  are  stirred 
with  a  motor-driven  propeller,  and  by  means  of  a 
25-cc  automatic  pipette  a  sample  is  immediately  with- 
drawn before  any  of  the  soil  particles  have  had  time  to 
settle  out.  The  pipette  is  emptied  into  a  weighing  dish 
and  two  or  three  washings  from  the  pipette  added. 

The  time  required  for  a  particle  0.005  mm  in  diameter 
to  settle  10  cm,  is  computed  from  Stokes's  formula, 
using  a  density  of  2.61  and  the  viscosity  of  water  for 
various  temperatures.  From  a  curve  plotted  with  tem- 
peratures as  ordinates  and  time  as  abscissae,  the  time 
for  pipetting  the  clay  is  determined  (77  minutes  at  20° 
C).  At  this  time  the  pipette  is  lowered  into  the  sus- 
pension until  the  tip  is  10  cm  below  the  liquid  surface, 
filled  by  an  even  suction  in  about  40  seconds,  and  the 
entire  contents  plus  two  or  three  washings  are  run  into 
a  weighing  dish. 

Pipetting  of  the  fine  clay  (0.002  mm)  is  similar  to 
that  of  the  clay  except  that  the  settling  time  is  fixed  at 
6H  hours,  the  necessary  depth  being  determined  from  a 
graph  based  on  Stokes's  formula,  showing  the  relation 
of  depth  to  temperature  for  this  constant  time.  Weigh- 
ings of  the  evaporated  and  oven-dried  pipetted  samples 
are  carried  to  0.1  milligram. 

The  results  of  the  analysis  are  calculated  as  follows: 
From  the  moisture  determination  of  the  5-gram  sample, 
the  dry  weight  of  the  sample  for  analysis  is  computed. 
The  difference  between  this  weight  and  that  after 
peroxide  treatment  and  washing  represents  the  hydro- 
gen-peroxide  solution   loss.     The   first   dry   weight  is 

6  A  tank  with  openings  in  the  top  to  permit  insertion  of  the  beakers  used,  and 
having  a  steam  connection  for  applying  a  constant  low  heat. 
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taken  as  the  huso  for  calculation  of  results  except  when 
the  analysis  is  to  be  used  for  textural  classification,  in 
which  event  the  dry  weight  after  washing  is  used. 

From  the  dry  weight  of  the  first  pipetted  sample, 
after  deducting  the  weight  of  sodium  oxalate  in  25  cc  of 
suspension,  the  dry  weight  of  silt  and  clay  in  the  sedi- 
mentation chamber  may  he  directly  determined.  This 
is  done  by  multiplying  the  dry  weight  of  the  pipetted 
sample  by  a  factor  equal  to  the  ratio  of  the  total  volume 
of  the  suspension  to  the  volume  of  the  pipette.  In 
routine  analyses  the  weight  of  silt  and  clay  in  the  cylin- 
der is  determined  by  the  difference  in  the  weight  of  (he 
sample  before  dispersion  and  the  dry  weight  of  the 
material  retained  on  the  300-mesh  sieve.  The  weight 
determined  by  pipetting  is  used  as  a  check,  the  maxi- 
mum allowable  difference  being  2  percent. 

The  total  weights  of  clay  and  fine  clay  are  deter- 
mined from  the  dry  weight  of  the  second  and  third 
pipetted  samples  in  the  same  manner  as  that  used  in 
the  determinations  of  clay  and  silt  from  the  first 
pipetted  sample.  If  the  weight  of  clay  is  deducted 
from  the  total  dry  weight  in  the  sedimentation  chamber, 
the  difference  is  silt.  This,  added  to  the  silt  sifted  from 
the  sand,  gives  total  silt. 

MODIFIED    METHOD    USED   IN    BUREAU    LABORATORY 

The  modified  pipette  method  of  analysis  used  in  the 
Bureau  of  Public  Roads  laboratory  differs  from  the 
standard  method  just  described  in  several  respects  as 
follows: 

1.  A  sample  of  soil  weighing  50  grams  is  used  in  the 
Bureau  method,  whereas  but  10  grams  of  soil  are  used 
in  the  standard  method.  The  volume  of  the  suspension 
in  each  case  is  1  liter. 

2.  The  sample  is  freed  from  organic  matter  in  the 
standard  method,  and  but  partially  freed  of  this  mate- 
rial in  the  Bureau  method. 

3.  The  sample  is  washed  free  of  all  water-soluble 
material  in  the  standard  method,  but  not  in  the  Bureau 
method. 

4.  The  sample  is  dispersed  by  a  mechanical  shaking 
of  the  container  in  the  standard  method,  and  by  agita- 
tion within  the  suspension  itself  in  the  Bureau  method. 

5.  The  defiocculating  agent  used  in  the  standard 
method  is  sodium  oxalate;  in  the  Bureau  method, 
sodium  silicate. 

6.  In  the  Bureau  method  the  entire  sample  is  placed 
in  the  sedimentation  cylinder,  the  sand  being  separated 
by  means  of  a  fine  sieve  following  the  sedimentation. 

7.  In  the  Bureau  method,  sampling  of  the  suspension 
immediately  after  dispersion  is  omitted.  In  addition 
to  the  clay  and  colloid  fractions,  the  percentages 
finer  than  0.040  millimeter  and  0.001  millimeter  are 
determined  by  pipetting  in  the  Bureau  method,  but 
not  in  the  standard  method. 

BEAKER    METHOD    DESCRIBED 

The  beaker  method  of  analysis  is  performed  as 
follows: 

At  the  completion  of  the  hydrometer  test  the  suspen- 
sion is  transferred  from  the  testing  cylinder  into  a 
beaker  of  1,000  cc  capacity,  and  the  soil  again  brought 
into  suspension  by  stirring  with  a  stiff  brush.  After  a 
given  time,  Tu  in  this  case  52  minutes  (at  25°  C),  the 
top  8  cm  of  the  suspension  is  decanted  carefully  into  a 
large  bottle.  The  decanted  liquid  contains  no  particles 
with  diameters  greater  than  dx,  the  diameter  of  the 
particle  which,  according  to  Stokes's  Law,  settles  8  cm 
in  the  suspension  in  the  time,  52  minutes,  noted  above. 
The  portion  of  the  suspension  remaining  in  the  beaker 


contains  all  particles  of  greater  diameter  than  the 
calculated  one  id. III).")  mm  in  this  ease)  together  with 
those  of  lesser  size  whose  settling  velocities  and  dis- 
tance of  settlement  were  sufficient  to  carry  them  below 
the  upper  S  cm  of  the  suspension  in  the  time  '/',. 

'The  volume  of  the  suspension  in  the  beaker  is  broughl 
to  1,01)1)  cc  with  distilled  water,  the  suspension  is  again 
stirred  with  a  brush  and  after  52  minutes  the  top  8  cm 
are  again  decanted  into  the  bottle  mentioned  above. 

This  process  is  continued  until  the  decanted  water  is 
dear  after  ">2  minutes'  sedimentation,  indicating  that 
all  material  finer  than  0.005  mm  (elayi  has  been 
washed  out.  The  total  amount  of  this  fraction  is 
determined  by  evaporating  a  representative  sample  of 
the  washwater  to  dryness. 

The  washing  and  decantation  are  continued,  with 
successive  sedimentation  periods  of  26.5,  13.0,  and  3.25 
minutes  to  remove,  respectively,  the  fractions  of  size 
0.005  to  0.007  mm,  0.007  to  0.010  mm,  and  0.010  to  0.020 
mm,  the  amount  of  each  of  these  fractions  being  deter- 
mined in  the  same  manner  as  in  the  case  of  the  clay. 

The  material  coarser  than  0.020  mm  (sediment  from 
the  last  washing)  is  dried  and  separated  into  tun  frac- 
tions by  a  no.  200  sieve.  In  the  present  instance  the 
total  of  the  determined  fractions  checked  the  original 
weight  of  the  sample  within  one  percent. 

As  has  been  shown,  the  pipette,  beaker,  and  hydrom- 
eter methods  are  all  based  on  Stokes's  formula  as 
applied  to  sedimentation  of  particles  through  water. 
Nevertheless,  these  sedimentation  methods  differ  widely 
from  the  hydrometer  method  in  the  application  of 
Stokes's  law.  Differences  in  test  procedures  prevent 
an  exact  agreement  of  results  given  by  different  sedi- 
mentation methods. 

In  the  sedimentation  methods  the  values  of  L  are 
definite,  being  equal  to  the  distance  from  the  surface 
of  the  suspension  to  the  level  from  which  the  sample  is 
pipetted,  or  to  which  the  suspension  is  decanted.  In 
the  hydrometer  method,  in  contrast,  the  values  of  L  are 
not  definite  but  must  be  assumed  on  the  basis  of  some 
relation  to  the  elevation  of  the  hydrometer  in  the 
suspension. 

Furthermore,  it  litis  been  shown  that  differences  in 
the  treatment  of  the  sample  and  the  method  of  disper- 
sion may  cause  differences  in  results.  Thus,  for  in- 
stance, the  clay  contents  indicated  by  the  procedure  of 
the  Bureau  of  Chemistry  and  Soils  and  by  the  beaker 
method  were  found  to  be  slightly  higher  than  those 
furnished  by  pipetting  samples  of  the  suspension  used 
in  the  hydrometer  test. 

In  the  hydrometer  method  of  analysis,  therefore,  no 
one  value  of  L  can  be  considered  exact  for  all  ^>ils,  hut 
instead  a  compromise  among  several  values  indicated 
desirable  by  various  investigations  must  he  employed. 
Furthermore,  the  values  of  L  suitable  for  a  hydrometer 
of  one  shape  may  not  he  suitable  for  hydrometers  of  a 
different  shape.  Finally,  in  the  case  of  uniformly 
graded  soils,  the  value  of  L  may  change  appreciably 
without  affecting  materially  the  practical  value  of  the 
results. 

It  litis  been  found  that  an  L  for  the  specific  gravity 
hydrometer  equal  to  the  distance  from  the  surface  of 

the  suspension  to  the  center  of  volume'  of  the  hydrom- 
eter and  one  equal  o(  0.60  of  this  distance  lor  the 
BouyouCOS  hydrometer  may  serve  to  give  results  in 
substantial  agreement  with  those  given  by  the  selected 
value  of  L  previously  discussed  (p.  98).  This  is  illus- 
trated in  table  8.  The  different  values  of  L  used  in 
table  8  are  show  n  in  table  9. 
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Table  8. — Clay  and  fine-clay  contents  determined  by  use  of  various 
rallies  of  L  in  Bouyoucos  and  specific  gravity  hydrometer  tests 


Soil 
no. 

Below  0.005  nun 

Below  0.002  mm 

Bouyoucos 

Specific  gravity 

Bouyoucos 

Specific  gravity 

hydrometer 

hydrometer 

hydrometer 

hydrometer 

0.42X 

0.60X 

(16J  ■ 

1.00X 

0.42X 

0.60X 

0.62X 

1.00X 

I1D  I 

CV'i 

HD 

cv 

HD 

CV 

HD 

cv 

Percent 

Pa  cent 

I'm''  ill 

I'irci  ul 

Percent 

Percent 

Percent 

Percent 

1 

12 

12 

13 

13 

8 

8 

10 

10 

2 

28 

28 

28 

28 

17 

17 

17 

17 

3 

32 

32 

34 

34 

26 

26 

27 

27 

4 

40 

40 

41 

39 

29 

29 

30 

30 

5 

44 

44 

44 

44 

33 

33 

33 

33 

6 

57 

57 

54 

53 

37 

36 

36 

36 

7 

80 

81 

77 

77 

62 

63 

60 

60 

8 

86 

87 

87 

87 

64 

64 

61 

61 

1  Total  immersed  depth. 

2  Depth  of  center  of  volume. 

Table  9. — Depths  corresponding  to  different  values  of  L  for  various 
hydrometer  readings 


Bouyoucos  hydrometer 

Specific  gravity  hydrometer 

Hydrometer 
reading 

L  =  0.42X 

immersed 

depth 

L  =  0.60X 
depth  of 
center  of 

volume 

Hydrometer 
reading 

L  =  0.62X 

immersed 

depth 

L  =  depth 
of  center 
volume 

0 

10 
20 
30 
40 
50 

Cm 

10.0 
9.  2 
8.5 
7.8 

7.  1 
6.4 

Cm 
12.3 
10.9 
9.  6 
8.  5 
7.3 
6.  2 

1.000 
1.010 
1.020 
1.030 

1.040 
1.050 

Cm 

15.0 
13.9 
12.8 
11.8 
10.8 
9.8 

Cm 
16.4 

14.7 
13.0 
11.3 

9.6 
7.9 

TABLES    SHOW     AGREEMENT    OF    HYDROMETER    METHOD     WITH 
OTHER   METHODS   OF    MECHANICAL    ANALYSIS 

The  agreement  of  the  results  given  by  the  hydrometer 
method  with  those  given  by  other  methods  is  shown  in 
tables  10,  11,  and  12. 

Table  10. — Comparison  of  analyses  by  (1)  Bouyoucos  hydrom- 
eter (L  =  0.42  HD)  and  (2)  pipette  method  (Bureau  of  Chemistry 
am!  Soils  Laboratory) 


Soil  no. 


487.... 

630 

659 

695 

763    

802 

837 

872    

4258 

429.-. 

4907 

4913 

Average  deviation  from 
Maximum  deviation  from  (2) 


Percentage  finer  than 


0.050  mm       0.005  mm      0.002  mm 


(1) 
57.5 
80.  6 
76,  5 
82  5 
68.8 
98.6 
94.  1 

ss    (I 

81.0 
95.0 
11.6 
58.5 


-0.9 
-3.9 


(2) 
56.7 
83.3 
78.9 
84.7 
66.  7 
99.  6 
95  (I 
KS    'I 

84.  9 
96.7 
12.5 
55.6 


(1) 
18.0 
39.8 
22  1 
47.0 
35.6 
78.  1 
75.0 
44  s 
21.2 
38.0 

7.5 
24.2 


+0.6 
+  5.7 


(2) 
16.4 

10.  7 
20.8 

47.6 
37.9 
78  1 
71.9 
40.0 
22.  2 
32.3 
9.0 
27.2 


(1) 
13.8 
27.  0 
15,  1 
35.5 
25.8 
54  o 
64.  1 
26.  1 
13.6 
2'.  I   2 

6.5 
11.4 


-0.5 
-4.9 


(2) 
10.7 
26.  1 
14.7 
38.3 
30.3 
57.4 
61.9 
29.3 
11.3 
27.8 

3.9 
19.3 


Table  10  gives  the  results  of  the  hydrometer  tests  and 
of  pipette  analyses  by  the  method  of  the  Bureau  of 
Chemistry  and  Soils,  together  with  the  average  and 
maximum  deviations  in  percentages  of  the  different 
sizes. 

Here  the  comparison  of  the  hydrometer  test  results 
with  those  of  the  particular  method  noted  shows  agree- 


ment within  1  or  2  percent  in  the  majority  of  cases. 
Only  in  very  exceptional  cases  does  the  variation  exceed 
5  percent.  This  agreement  with  the  pipette  method  is 
entirely  satisfactory  for  all  practical  purposes. 

Tables  11  and  12  show  that  the  hydrometer  results 
are  approximately  3  percent  higher  on  the  average  than 
those  given  by  the  modified  pipette  method  and  between 
1  and  2  percent  higher  than  those  given  by  the  beaker 
method. 

Table  11. — Comparison  of  analyses  by  (1)  Bouyoucos  hydrom- 
eter (L  =  042  HD),  (2)  Specific  Gravity  hydrometer  (L  =  1.00 
CV)  and  (3)  pipette  method  (Bureau  of  Public  Roads  laboratory) 


Soil  no. 


5782. 
5822. 
5833. 
5838. 
5842. 
5854 


6062  . 
6098. 


Average  deviation 
from  (3).. , 

Maximum  devia- 
tion from  (3) 


Percentage  finer  than- 


(1) 

as  (J 

58.0 

70.8 

94.5 

74.1 

94.0 

35.2 

78.1 


+2.6 
+6.0 


(21 
98  0 
57.1 
70.0 
93.  5 
72.0 
95.2 
32.  0 
77.0 


+  1.7 


(3) 

97.2 

57.2 

67.3 

91.0 

70.6 

93.  6 

29.2 

75.4 


(1) 

86.3 

40.2 

27.6 

56   s 

32.0 

80.  1 

12.5 

44.0 


+3.6 
+6.5 


(2) 
86,  7 

39.  0 

28.0 
53.  1 
34.2 
77.  1 
13.0 
43.8 


+3.0 
+4.0 


(3) 
83.5 
35.5 
24.0 
36  8 
30.9 
76.8 
9.8 
40.0 


0.002  mm  0.001  mm 


(1) 
63.8 
29.  2 
17.  1 
35.7 
26.0 
62.0 
8.0 
33.0 


+3.2 
+5.2 


(2) 
01.  C 
30.  l 
16.  8 
32.3 
27.0 
59.8 
9.7 
33.1 


+3.1 
+4.2 


(3) 
59.0 
27.  3 
14.6 
27.  1 
25.2 
56.8 
6.0 
29.0 


(1) 
43.  1 
23.7 
11.4 
27.1 
21.2 
45.2 
6.5 
25.3 


+2.8 
+3.8 


(2) 
38.5 
26.2 
12.0 
25.1 
22.0 
43.2 
6.0 
25.5 


+2.3 
+4.5 


(3) 

39. 
21.7 

9.7 
23.3 
18.7 
41.9 

3.7 
22.0 


Table   12. — Comparison  of  analyses   by  (1)  Bouyoucos  hydrom- 
eter (L  =  0.42  HD)  and  (2)  beaker  method 


Soil  no. 

Percentage  finer  than— 

0.020  mm 

0.010  mm 

0.007  mm 

0.005  mm 

558.  _ 

(1) 
25.2 
50.8 
70.5 
65.7 
48.6 
59.0 

(2) 
25.3 
47.5 

69.  5 

64.  6 
49.4 
55.  1 
52.6 

70.  'J 

(1) 
20.0 
36.5 
56.  5 
53.0 
35.  4 
46.  0 
43.  0 
sa  n 

(2) 
20.1 
34.6 
57.9 
52.0 
34.9 
41. 6 
40.2 
55.3 

(1) 
17.5 
30.8 
51.4 
46.5 
30.0 
40.2 
37.5 
49.5 

(1) 
17.1 
29.5 
50.8 
45.0 
28.4 
35.9 
34.  1 
47.8 

CD 
15.5 
25.8 
45.2 
41.0 
25.5 
35.0 
33.0 
43.2 

+oT4~ 

+  1.2 

(2) 
16.0 

559 

25.4 

560 .   

45.4 

561.. 

40  0 

562... 

25  8 

563.. 

564 

33.8 
32  0 

566      . 

73    5 

+  1.7 
+3.9 

42.8 

Average  deviation  from  (2) .. 

Maximum  deviation  from  (2) 

+1.5 
+4.4 

+1.9 
+4.3 

This  lack  of  agreement  has  little  significance,  how- 
ever, as  neither  of  the  two  methods  are  at  present 
standard  procedures.  The  results  shown  in  these 
tables  were  obtained  as  a  part  of  this  investigation  and 
are  included  principally  to  disclose  the  lack  of  agree- 
ment between  these  two  methods  and  the  pipette 
method.  If  all  three  methods  were  in  agreement,  no 
change  from  the  standard  value  of  L  would  be  required. 

Table  13. — Comparison  of  analyses  by  (1)  Bouyoucos  hydrom- 
eter (L  =  0.70  HD),  (2)  specific  gravity  hydrometer  (L  =  HD) 
and  (3)  pipette  method  (Bureau  of  Public  Roads  laboratory) 


Soil  no. 

Percentage  finer  than— 

0.040  mm 

0.005  mm 

0.002  mm 

0.001  mm 

5782.. 

(1) 

97.8 

55.0 

65.0 

92.2 

64.  1 

93.  0 

28.3 

74.5 

(2) 
97.1 
54.5 
63.  7 
92.5 
60,  5 
95.0 
28.5 
73,  S 

(3) 

97.2 

57.2 

67.3 

91.0 

70.  6 

91.6 

29.2 

75.4 

(1) 

80.6 

37.2 

24.7 

50.9 

30.2 

75.  9 

10.2 

40.8 

(2) 

80.  2 

30.2 
25.4 
48.6 
32.3 
74.0 
12.5 
41.2 

(3) 
83.5 
35.5 
24.0 
50.3 
30.9 
76.  8 
9.8 
40.0 

(1) 
56.2 
27.5 
15.1 
33.2 
24.2 
50.0 
7.4 
31.5 

(2) 
53.7 
29.1 
16.0 
33.0 
25.4 
55.0 
9.0 
31.5 

(3) 
59.0 
27.3 
14.6 
32.3 
25.2 
56.8 
6.0 
29.0 

10 

35.3 

21.5 

9.5 
23.8 
19.8 
39.0 

5.6 
24.0 

(2) 
32.0 
24.7 
10.2 
23.0 
20.7 
39.0 
5.9 
24.1 

(3) 
39.6 

5822 _. 

5833 

5838 

5842 

5854 

6062.. 

21.7 
9.7 
23.  3 
18.7 
41.9 
3.7 

6098 

22.0 

Average      devia- 
tion from  (3) 

tion  from  (3) 

Maximum  devia- 
tion from  (3) 

-1.4 
-1.4 

-6.5 

-2.0 
-2.0 

-10.  1 

..... 

-0.1 
-0.1 

-2.9 

-0.1 

-0.  1 

-3.3 

..... 

+0.1 
+0.1 

-2.8 

+0.3 
+0.3 

-5.3 

..... 

-0.3 
-0.3 

-4.3 

-0.1 
-0.1 

-7.6 

:... 
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As  :i  matter  of  fact,  however,  the  significance  of  1 1 » *» 
difference  of  results  furnished  by  the  different  methods 
is  indicated  by  the  different  values  of  L  as  shown  in 
tables  13  and  11. 

Table   14. — Comparison  of  analyses  by  (1)    Bouyoucos  hydrom- 
eter (L  =  049  IID)  and  (#)  beaker  method 


Soil  no. 

Percentage  finer  than— 

0.020  mm 

0.010  mm 

0.007  mm 

0.005  mm 

558                  

(1) 
24.  3 
49.4 
68.8 
64.2 
47.2 
57.6 

(2) 
2.5.  3 
47  5 
69.5 
64  i 
49.4 
55.  1 
52.  ii 
70.9 

(1) 
19.  8 
35.  2 

55.  1 
51.6 
34.  t 

II  s 
lis 
56.4 

(2) 
20.  1 
34.6 
57.9 
52.  (J 
64.9 
41. 6 
111  2 
55.3 

(1) 
17.0 
29.  6 
50  0 

45.  2 
28.  8 
39.0 
36.  1 
18  2 

20 
17.1 
29  ■'. 
50.  S 
15  ii 
28.  4 
35.  9 
34.  1 
47.  x 

(1) 
14.8 
24.6 
44.0 
40.0 
24.  2 
33.  6 
32. 1) 
12.0 

4 

(21 
16.0 

559 - --- 

25   1 

560                  

45.  1 

561 -. 

40.0 

562   .     

25.  8 

563 

33.  8 

32  0 

566   _-- 

72.0 

42.  8 

Average  deviation  from  (2) 

Maximum  deviation  from  (2) 

+2.5 

+0.4 
+3.  2 

0  7 
+3.1 

-0.  X 
-1.6 

SUMMARY 

However  elaborate  the  method,  no  mechanical  soil 
analysis  based  on  Stokes's  formula  is  capable  of  yielding 
an  exact  determination  of  the  particle  size  distribution. 
In  fact  the  results  of  such  analyses  are  to  a  large  extent 
dependent  upon  certain  arbitrary  conditions  of  test. 
A  basis  for  estimating  the  relative  accuracy  furnished 
by  the  various  test  methods  does  not  exist.  Their  effi- 
ciency must  be  determined  upon  the  basis  of  the  time 
and  effort  required  for  performing  the  tests  and  the 
scope  of  the  data  obtained. 

In  the  hydrometer  method,  as  in  all  other  methods  of 
mechanical  soil  analysis  based  on  sedimentation  of  soil 
particles  through  water,  thorough  dispersion  of  the 
soil  sample  is  desirable.  The  apparatus  specified  in 
the  procedures,  especially  with  the  added  improvements 
discussed  in  this  report,  is  highly  efficient  for  this 
purpose,  and  in  conjunction  with  the  supplementary 
treatments  determined  according  to  the  plasticity  of 
the  soil,  provides  the  necessary  degree  of  dispersion 
with  a  minimum  of  time,  attention,  and  effort. 

A  high  degree  of  defiocculation  or  maintenance  of  the 
separation  of  the  suspended  particles  is  also  of  im- 
portance to  the  success  of  the  test,  and,  with  few 
exceptions,  is  adequately  effected  by  use  of  the  defloc- 
culating  agent  specified  in  the  procedures. 

Readings  of  a  sensitive  hydrometer  in  soil  suspensions 
serve  very  adequately  to  produce  the  data  required  for 
the  determination  of  the  grain  size  distribution  in 
subgrade  soils. 

In  the  use  of  Stokes's  formula  as  applied  to  the 
hydrometer  test  data,  the  values  of  L  equal  (1 )  to  0.42 
of  the  total  immersed  depth  of  the  Bouyoucos  hydrom- 
eter, and  (2)  to  the  depth  of  the  center  of  volume  of  the 
specific  gravity  hydrometer  yield  satisfactory  results  in 
the  mechanical  analysis  of  subgrade  soils. 

The  variations  of  test  conditions  from  those  which 
the  use  of  Stokes's  formula  assumes,  combined  with 
the  fact  that  the  value  of  L  is  not  critical  in  many 
cases,  may  cause  one  to  question  the  need  of  all  the 
refinements  included  in  the  testing  procedure  as  pub- 
lished. 

For  average  soils  tested  under  average  conditions, 
the  clay  content  based  on  the  Bouyoucos  hydrometer 
reading  at  60  minutes,  with  hydrometer  readings 
properly  corrected  for  temperature  and  specific  gravity 
and  the  fine  clay  content  based  on  readings  of  the  same 
hvdrometer   at   370   minutes   are   likelv    to    be    fairly 


accurate.  11  the  specified  refinements  required  appre- 
ciable time  and  effort,  the  desirability  for  making  them 
for  average  soils  would  be  open  to  serious  question  it' 
only  approximate  results  were  wanted  and  the  soil 
accumulation  curve  were  not  required. 

These  refinements  are  necessary  in  the  analysis  of 
unusual  soils,  however,  and  do  increase  the  accuracy  of 
tests  on  ordinary  soils.  They  must,  therefore,  of 
necessity  be  included  in  any  general  procedure.  Fur- 
thermore, by  means  of  the  graphical  method  of  solution 
all  of  the  corrections  can  be  made  without  increasing 
noticeably  the  effort  required  to  perforin  the  tests. 

The  hydrometer  method  is  not  confined  to  the  use  of 
a  hydrometer  of  any  one  type  or  calibration;  the  prin- 
cipal requirement  is  merely  that  the  hydrometer  shall 
be  sensitive  enough  to  measure  the  density  of  soil 
suspensions  with  an  accuracy  sufficient  to  give  a 
reasonably  close  determination  of  the  percentage  of 
suspended  soil.  The  relation  between  density  of 
suspension  and  percentage  of  suspended  soil  expressed 
by  equation  3  offers  a  basis  for  transforming  the  readings 
of  any  hydrometer  into  terms  of  soil  percentage. 

The  depth  of  settlement,  L,  for  use  in  Stokes's 
formula,  which  is  likely  to  vary  with  different  shapes 
of  hydrometer  bulbs,  must  be  determined  for  any  type 
of  hydrometer  other  than  those  described  in  this  report. 
This  may  be  done  on  the  basis  of  the  relation  between 
the  hydrometer  test  data  and  the  percentages  of  the 
different  fractions  furnished  by  some  desired  method 
of  mechanical  analysis  or  on  the  basis  of  results  fur- 
nished by  a  hydrometer  which  has  been  standardized. 

In  spite  of  the  fact  that  the  depth  of  settlement,  L, 
is  a  variable  for  which  no  one  correction  can  be  univer- 
sally applied,  the  hydrometer  test  as  used  by  the 
Bureau  of  Public  Roads  yields,  with  minimum  effort, 
results  which  are  in  substantial  agreement  with  those 
furnished  by  the  more  elaborate  pipette  method. 
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EFFECT  OF  CURING  CONDITIONS  ON  THE 
STRENGTH  OF  CEMENT  MORTAR 


Reported  by  D.  O.  WOOLF,  Associate  Materials  Engineer,  and  K.  F.  SHIPPEY,  Junior  Highway  Engineer,  Division  of  Tests,  United  States  Bureau  of 

Public  Roads 


A  TENDENCY  for  portland-cement-mortar  speci- 
mens, particularly  the  standard  1:3  briquets,  to 
k.  retrogress  in  strength  with  age  when  stored  in 
water  has  been  noted  many  times.  .Since  a  corre- 
sponding retrogression  in  the  strength  of  concrete  speci- 
mens stored  in  moist  air  is  rarely  found,  it  has  generally 
been  assumed  that  the  reduction  in  strength  is  not  due 
to  any  defect  in  the  cement  but  rather  to  some  feature 
or  treatment  involved  in  the  method  of  test.  An 
explanation  which  has  been  advanced  is  that  retro- 
gression is  due  to  the  solution  of  a  part  of  the  cement 
by  the  storage  water.  If  this  is  true,  the  reason  for 
the  decrease  in  strength  of  specimens  stored  in  running 
water  would  be  explained. 

To  determine  if  this  theory  is  correct,  an  investiga- 
tion of  the  effect  of  curing  conditions  on  the  strength 
of  cement  mortar  was  recently  undertaken  by  the 
Bureau.  Both  briquets  and  2-inch  cubes  were  pre- 
pared with  four  different  cements,  including  one  high- 
early-strength  cement.  The  briquets  were  made  in 
accordance  with  American  Society  for  Testing  Ma- 
terials Standard  Method  C  77-30,  and  the  cubes  were 
prepared  essentially  as  described  in  a  paper  by  E.  M. 
Brickett,  American  Society  for  Testing  Materials  Pro- 
ceedings, 1928,  part  II. 

A  mix  of  1:2.75  by  weight  was  used  in  the  prepara- 
tion of  the  cubes  with  a  water-cement  ratio  of  0.53  by 
weight  (0.80  by  volume).  The  sand  used  is  designated 
as  "run-of-mine  Ottawa  sand"  from  Ottawa,  111.,  and 
consists  of  the  material  from  which  standard  Ottawa 
sand  is  obtained.  Tests  for  consistency  made  on  the 
10-inch  flow  table  using  thirty  Vinch  drops  in  30 
seconds  gave  a  flow  of  approximately  90  percent  with 
the  above  mixture.  To  insure  uniform  preparation  of 
the  test  specimens,  54  cubes,  or  briquets,  were  molded 
in  1  day  with  a  single  cement.  This  furnished  suffi- 
cient specimens  for  one  series  of  tests  at  all  ages  with 
each  condition  of  storage.  After  curing  for  24  hours 
in  the  moist  closet,  each  series  of  54  specimens  was 
separated  at  random  into  3  sets  of  18  specimens  each. 
One  set  for  each  of  the  four  cements  was  stored  until 
date  of  test  under  each  of  the  following  conditions: 

1.  In  running  water 

2.  In  still  water 

3.  In  moist  air. 

VARIATION  OF  STRENTH  WITH   AGE  STUDIED 

Tests  were  made  at  ages  from  7  days  to  1  year  on  both 
types  of  specimens  cured  under  each  of  the  above  con- 
ditions of  storage.  All  specimens  were  broken  in  a  wet 
condition,  the  specimens  cured  in  moist  air  being  placed 
in  still  water  for  24  hours  immediately  prior  to  test. 
Three  series  of  specimens  of  each  type  were  made  with 
each  of  the  normal  portland  cements,  and  two  series 
with  the  high-early-strength  cement,  each  series  con- 
taining 54  specimens  of  each  type. 

The  results  of  these  tests  are  shown  in  the  accom- 
panying figures.     Each  point  is  the  average  of  9  indi- 
vidual tests  in  the  case  of   the  normal   cements   and   0 
tests  in  the  case  of  the  high-early-strength  cement. 
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The  three  normal  portland  cements  exhibit  in  general 
the  same  characteristics.  In  the  tension  tests,  the 
briquets  stored  in  both  running  and  still  water  show 
either  retrogression  or  little  change  in  strength  after  28 
or  90  days.  Cement  3  shows  a  marked  retrogression 
after  90  days,  which  continues  to  the  age  of  1  year. 
Cements  1  and  2  show  retrogression  after  28  days,  this 
being  most  marked  in  the  case  of  the  running-water 
specimens  for  cement  1.  The  briquets  cured  in  moist 
air  show  in  two  cases  a  steady  increase  in  strength  to 
the  last  testing  period.  In  the  case  of  cement  1,  the 
moist-air  specimens  increase  in  strength  to  an  age  of  90 
days,  show  a  slight  decrease  in  strength  to  an  age  of  270 
days,  and  then  recover  strength  at  1  year  to  exceed 
slightly  the  maximum  obtained  at  an  earlier  period. 

The  tension  specimens  prepared  with  high-early- 
strength  cement  and  cured  in  water  or  moist  air  develop 
retrogression  after  ages  of  28  or  90  days.  This  is  very 
marked  for  the  briquets  cured  in  both  running  and 
still  water.  The  moist-air  specimens  show  a  small 
decrease  in  strength  after  90  days  and  hold  this  strength 
to  1  year. 

The  compression  tests  of  the  normal  portland  cements 
show,  as  a  general  rule,  an  increase  in  strength  to  an 
age  of  270  days  for  all  wet  storage  conditions  followed 
by  little  change  in  strength  at  1  year.  In  the  case 
of  cement  3  the  specimens  cured  in  still  water  give  some 
erratic  results  which  cannot  be  explained  at  present. 
The  compression  tests  made  on  the  high-early-strength 
cement  show  a  continual  decrease  in  strength  after  28 
days  for  the  specimens  cured  in  running  water,  while 
the  specimens  cured  in  still  water  attain  a  maximum 
strength  at  90  days  and  hold  this  strength  at  later 
periods.  The  specimens  cured  in  moist  air  increase  in 
strength  to  180  days  after  which  the  strength  is  reduced 
considerably. 

The  results  of  these  tests  show  that  cement-mortar 
briquets  used  in  the  tensile  strength  test  are  usually 
subject  to  retrogression  after  ages  of  28  days  to  180 
days  when  cured  in  water,  either  running  or  still. 
Briquets  stored  in  moist  air  are  usually  found  to  show  a 
steady  increase  in  strength  for  ages  up  to  1  year,  but 
the  7-  and  28-day  strengths  are  appreciably  lower  than 
those  of  the  water-cured  specimens.  Briquets  made 
with  high-early-strength  cement  and  stored  in  water  or 
moist  air  show  more  marked  retrogression  in  strength 
at  an  earlier  age  than  is  found  for  normal  portland 
cement. 

Little  retrogression  is  found  in  the  compression  tests 
of  normal  portland-cement  mortars.  A  definite  retro- 
gression in  compressive  strength,  however,  is  found  for 
high-early-strength  cement  specimens  cured  in  running 
water,  and  those  cured  in  still  water  fail  to  increase  in 
strength  after  90  days. 

LOSS  OF  STRENGTH  ATTRIBUTED  TO  SOLUTION  OF  PART  OF 
CEMENT  IN  STORAGE  WATER 

The  retrogression  in  strength  found  in  small  speci- 
mens of  portland-cement  mortar  has  been  attributed 
to  the  solution  and  removal  of  a  part  of  the  cement  by 
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the  storage  water.  This  theory  is  believed  to  be  sub- 
stantiated by  these  tests.  In  this  series  of  tests  the 
conditions  which  might  affect  the  strength  were  the 
same  for  all  specimens  except  the  medium  in  which 
they  were  stored.  The  occurrence  of  retrogression  to 
the  greatest  extent  in  the  water-cured  specimens  is 
indicative  of  the  nature  of  the  weakening  action,  that  is, 
by  solution  of  a  portion  of  the  cement.  The  still- 
water  specimens  were  stored  in  an  open  pan,  and 
frequent  additions  of  water  were  necessary  to  replace 
that  lost  by  evaporation.  It  is  believed  that  the  retro- 
gression found  in  the  still-water  specimens  would  have 
been  considerably  smaller  if  the  specimens  had  been 
stored  in  covered  containers  with  a  minimum  of  water 
The  fact  that  retrogression  is  found  in  the  compression 
tests  at  a  later  date  and  to  a  lesser  degree  than  in  (he 
tension  tests  is  attributed  to  the  difference  in  size  and 
shape  of  the  specimens  used.  If  each  type  of  specimen 
were  subjected 'to  the  same  solvent    action   of  water, 
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the  briquet  would  be  affected  to  the  greater  extent  due 
to  its  smaller  cross  section. 

TESTS  FAIL  TO  CONFIRM  THEORY  ATTRIBUTING  LOSS  OF    TENSILE 
STRENGTH  TO   UNEQUAL  STRESS  DISTRIBUTION  IN     BRIQUET 

In  the  first  report  of  the  Joint  Conference  on  Uni- 
form Methods  of  Tests  and  Standard  Specifications  for 
Cement  '  the  retrogression  of  strength  found  in  cemenl 
mortar  briquets  is  attributed  to  the  inequality  of  stresses 
set  up  in  a  briquet  by  the  method  of  loading  coupled 
witli  the  rigidity  of  the  specimen.  The  load  applied 
at  four  points  by  the  clips  must  be  transmitted  in  a 
very  short  distance  to  the  entire  cross  section  of  the 
briquet  and  it  is  claimed  that  a  uniform  distribution 
of  this  stress  over  the  minimum  section  is  impossible. 
Prof.  J.  B.  Johnson  concluded  from  an  analytical  study 
of  the  problem  that  the  maximum  stress  in  a  briquet  of 


>  Committee  C-l,  A.S.T.M  >k,  published  by  the  committee,  section  II. 

p.  74,  July  1919. 
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the  form  now  used  is  about  1.54  times  the  minimum 
stress.  E.  G.  Coker  made  an  experimental  determina- 
tion of  stresses  in  briquets,  using  the  effect  of  polarized 
light  passing  through  models  of  transparent  celluloid, 
and  concluded  that  the  highest  stress  in  the  minimum 
section  of  the  test  specimen  is  1.75  times  the  mean 
stress.  With  a  very  rigid  material  the  opportunity  for 
an  adjustment  of  stresses  within  the  specimen  is  much 
less  than  in  a  material  of  low  rigidity.  According  to 
this  theory  a  very  high  stress  is  developed  in  the  older 
briquets  at  the  edges  of  the  section  during  the  first 
stages  of  loading,  and  a  tearing  action  is  produced 
which  results  in  rupture  at  a  lower  stress  than  would 
have  been  withstood  at  an  earlier  age  when  the  lower 
rigidity  permitted  of  a  more  uniform  distribution  of 
stress. 

The  results  obtained  in  this  investigation  do  not  seem 
to  be  in  agreement  with  the  above  theory.    The  briquets 
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cured  in  moist  air  show  a  steady  increase  in  strength. 
According  to  the  theory,  the  specimens  at  age  of  270 
or  365  days  should  fail  at  a  lower  load  than  the  7-  or 
28-day  specimens.  Such  is  not  found  and  the  conclu- 
sion is  reached  that  this  theory  is  incorrect. 

TESTS  INDICATE  STANDARD  CURING  PRACTICE  SATISFACTORY 

The  present  standard  specifications  for  testing  port- 
land  cement  require  that  the  specimens  be  cured  in 
water.  These  tests,  involving  a  limited  number  of  ob- 
servations, do  not  show  any  reason  for  changing  from 
the  standard  practice  of  curing  mortar  specimens  for 
ages  up  to  and  including  28  days.  Little  preference  is 
seen  between  running-  and  still-water  storage,  as  speci- 
mens stored  under  either  condition  develop  essentially 
the  same  strength  at  7  or  28  days.  The  moist-air 
storage  is,  however,  recommended  for  tests  of  mortar 
specimens  at  greater  ages. 
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THE  COMPARATIVE  VISIBILITY  OF  STAND- 
ARD LUMINOUS  AND  NONLUMINOUS 

HIGHWAY  SIGNS 


REPORT  OF  INVESTIGATIONS  BY  THE  UNITED  STATES  BUREAU  OF  PUBLIC  ROADS, 

WITH  THE  NATIONAL  BUREAU  OF  STANDARDS 


IN  COOPERATION 


Prepared  by  F.  W.  MILLS,  Highway  Engineer,  Division  of  Highway  Transport,  U.S.  Bureau  of  Public  Roads 


THE  REPORT  of  the  subcommittee  on  traffic 
control  and  safety  of  the  American  Association  of 
State  Highway  Officials,  rendered  at  the  annual 
meeting  held  in  Pittsburgh,  November  17  to  20,  L930, 
included  the  following  recommendation-: 


STANDARDIZATION  OF  LUMINOUS  SK.NS 

Since  it  is  uncertain  what  color  and  size  of  reflector  buttons 
color  of  background  should  be  used  on  the  reflector  signs  w 
made  as  a  combination  day  and  night  sign,  and  due  to  the  v 
able  focal  length  of  buttons  that  may  be  used  on  these  signs, 
recommended  that  the  Bureau  of  Public  Roads  consult  with 
Bureau  of  Standards  in  conducting  a  series  of  tests  to  learn  of 
most  appropriate  combination  to  use  with  the  view  of  making 
necessary   changes   in    the   present    designs,     (hie    of   the    i 
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Figure  1 


-Observer's  Station  at  Eyepi 

SCOPE. 


The  executive  committee  of  the  American  Association  of  State 
Highway  Officials  appoint  a  special  sign  committee  to  act  as  a 
subcommittee  of  the  regular  association  committee  on  traffic 
control  and  safety,  anil  that  this  sign  committee  be  made  gener- 
ally representative  over  all  parts  of  tin-  country  so  far  as  possible 
in  a  group  of  not  more  than  five  members;  that  the  members  of 
this  committee  shall  be  drawn  preferably  from  those  members 
who  are  directly  in  contact  and  responsible  for  the  installation 
and  maintenance  of  highway  signs  and  markers. 


important  questions  is  the  color  of  the  background  most  appro- 
priate for  use  with  reflector  buttons,  keeping  in  mind  both  day 
and  night  visibility.  For  instance,  is  a  sign  with  reflector  I 
tons  set  in  a  black  panel  on  a  white  background  more  efficient 
than  one  having  buttons  in  a  white  panel  on  a  black  background, 
or  is  some  other  combination  of  color  better?  Also,  the  focal 
length  and  size  of  buttons  as  well  as  the  number  of  buttons  for  a 
specific  size  of  letter  should  be  determined. 

At  the  annual  meeting  of  tin'  American  Association 
of  State  Highway  Officials,  held  on  September  28,  L93 1 , 
it  was  resolved  that: 


Figure  2. — Peni 


ULATING  Tim  E  01   (  >BS 


The  executive  and    publicity   committee  of  the   Na- 
tional Conference  on  Street   and   Highway  Safety,  at  a 
noting  in  New  York  City  on  June  '_':>,   L931,  adopted 
i  lie  following: 

Alter  further  discussion  it  was  voted  that  the  executivi 
mittee  of  the  National  Conference  on  Street  and  Highway  Safety 
favors  the  combination  of  the  two  codes  in  one  publication  and 
the  setting  up  of  a  joint  committee  representing  the  American 
Association  of  State  Highway  Officials  and  the  conference  to 
formulate  such  a  combined  code  and  1  hat  Colonel  Barber  repre- 
-e,,t  the  conference  in  dealing  with  the  highway  group  in  the 
,•!  ppoint  meiif  commit  tee. 

Pursuant  to  these  resolutions,  a  joint  committee 
consisting  of  eight  members  representing  the  National 
Conference  on  Street  and  Highway  Safety  and  seven 
members  representing  the  American  Association  of 
State  Highway  Officials  was  created  and  the  first  meet- 
ing was  held  in  Washington  on  March  24,  1932. 

In  harmony  with  the  previous  recommendation  of  the 
subcommittee  on  traffic  control  and  safety,  the  joint 
committee  was  authorized:  ( 1 )  To  make  such  revisions 
a-  may  seem  necessary  to  harmonize  or  combine  the 
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tvt  o  codes;  (2)  to  make  such  additions  as  will  produce  a 
single  and  complete  code  for  both  rural  and  municipal 
use  and  to  complete,  in  cooperation  with  the  Bureau  of 
Public  Roads  and  Bureau  of  Standards,  investigations 
recently  inaugurated  covering  the  use  of  reflecting 
elements ;  and  (3)  to  introduce  into  the  series  of  standard 
signs  such  other  signals  as  may  be  indicated  by  the 
results  of  the  investigation. 

In  accordance  with  the  second  item  of  this  authoriza- 
tion the  project  covered  by  this  report  was  inaugurated, 
to  be  carried  out  under  the  leadership  of  Drs.  J.  Frank- 
lin Meyer  and  M.  G.  Lloyd  for  the  Bureau  of  Standards 
and  Mr.  F.  W.  Mills  for  the  Bureau  of  Public  Roads. 


w  m 


Figure  3. — Equipment  for  Night  Observations. 

Broadly  considered,  the  scope  of  the  investigations 
covered  three  principal  phases:  First,  personal  obser- 
vations of  standard  signs  having  different  color  com- 
binations as  between  background  and  legend,  letters  of 
various  standard  sizes  without  reflector  buttons  being 
used  for  this  purpose;  second,  night  observations  of 
signs  equipped  with  reflector  buttons;  and  third,  day- 
light observations  made  on  the  same  signs  to  determine 
what  effect  there  is,  if  any,  on  legibility,  thus  furnishing 
a  basis  for  comparing  their  legibility  with  that  of  the 
signs  not  equipped  with  reflector  buttons.  The  tests 
extended  over  a  period  that  included  summer  as  well  as 
winter  climatic  conditions  and  offered  an  opportunity  to 
view  the  signs  in  bright  sunlight,  during  rains,  snow, 
and  fog,  and  against  the  changing  natural  background. 

TACHISTOSCOPE  DEVISED  FOR  REGULATING   TIME  OF 
OBSERVATION 

Previous  investigations  in  this  field  apparently  did 
not  consider  the  essential  element  of  personal  acuity 
as  registered  by  time  intervals.  It  therefore  devolved 
upon  the  Bureau  of  Standards  to  design  an  apparatus 
by  means  of  which  the  periods  of  free  observation  could 
be  accurately  measured  and  the  time  interval  changed 
at  will.  Several  general  schemes  were  considered,  such 
as  the  use  of  shutters  similar  to  camera  diaphragms, 
but  these  were  lacking  in  simplicity  and  portability,  or 
restricted  the  field  of  vision  in  a  greater  or  less  degree. 


A  tachistoscope,  meeting  these  requirements,  was  finally 
designed  at  the  Bureau  of  Standards.  It  consisted  of 
two  major  units,  (a)  a  screened  eyepiece  with  two  shut- 
ters moving  in  parallel  vertical  planes,  and  (b)  an  A 
frame  or  easel  supporting  a  pendulum  by  which  the 
time  interval  is  regulated  and  controlled.  The  screened 
eyepiece  or  observer's  window  is  set  up  on  an  ordinary 
tripod  with  adjustable  legs  and  carries  the  two  shutters 
in  front  of  an  eye  shade.  The  shutters  are  held  in  place 
by  magnets.  Figure  1  shows  an  observer  seated  before 
the  eyepiece  of  the  tachistoscope. 

The  A  frame  supporting  the  pendulum  is  approxi- 
mately 5  feet  high  and  4%  feet  across  the  base.  It  is 
held  vertical  by  a  hinged  strut  at  the  back,  thus  form- 
ing a  complete  tripod.  The  front  of  the  frame  carries 
a  5-  by  4-foot  weatherproofed  sheet  of  wall  board  rein- 
forced with  battens  to  prevent  warping.  A  3-  by  4-  by 
6-inch  block  situated  at  the  top  of  the  frame  and  pro- 
truding through  the  wall  board  provides  a  support  and 
carrier  for  a  pendulum  one  meter  in  length.  The  pen- 
dulum rod  extends  25  centimeters  below  the  bob  so  that 
in  swinging  it  operates  contacts  which  open  the  circuits 
of  the  two  magnets  at  the  observing  window  and  re- 
leases the  shutters.  These  contacts  are  carried  on  brass 
brackets  affixed  to  the  face  of  the  wall  board  in  the  arc 
described  by  the  pendulum.  The  contacts  consist  of  a 
simple  spring  arrangement  so  constructed  that  when 
touched  by  a  swinging  pendulum  the  circuit  is  opened. 
One  contact  controls  the  opening  shutter  and  the  other 
the  closing  shutter  of  the  observer's  window.  The  con- 
tacts are  attached  to  the  bracket  by  a  thumb  screw  and 
can  be  adjusted  to  any  desired  time  interval  from  0.1 
to  1.0  second  or  more.  Figure  2  shows  the  pendulum 
and  contacts. 

In  order  to  minimize  or  entirely  overcome  the  ele- 
ment of  surprise,  the  switch  controlling  the  movement 
of  the  pendulum,  and  consequently  of  the  shutters,  is 
operated  by  the  observer.  It  was  early  recognized 
that  the  observer  must  also  become  used  to  the  noise 
due  to  shutter  movement;  accordingly,  in  each  case  the 
apparatus  was  operated  several  times  by  the  observer 
until  all  involuntary  winking  or  other  distraction  was 
overcome  and  tolerance  established.  It  was  also  fore- 
seen that  in  the  course  of  a  long  series  of  observations 
the  sequence  in  which  the  signs  were  displayed  might 
become  known  to  the  observer  and  the  reading  obtained 
be  by  memory  or  by  suggestion.  This  possibility  was 
eliminated  by  reversing  the  order  of  display  and  se- 
quence of  changes  in  the  signs  and  also  the  time  periods 
during  which  they  were  observed. 

It  is  believed  that  the  investigation  has  been  as 
exhaustive  as  possible  and  that  the  results  obtained 
lead  to  definite  conclusions  regarding  relative  efficiency 
within  the  scope  permitted. 

For  night  operations,  two  standard  automobile  head- 
lights were  mounted  in  front  of  the  observation  screen. 
A  small  telescope  with  cross  hairs,  by  means  of  which 
the  light  beams  could  be  directed  so  as  to  fall  upon  the 
signs,  was  attached  to  the  cross  aim  between  the  head 
lights  (fig.  3). 

In  choosing  the  field  for  the  operations,  great  care 
was  taken  in  selecting  a  section  of  roadway  which  would 
present  the  average  background  encountered  on  the 
average  highway.  The  main  driveway  at  the  Bureau 
of  Standards  in  a  largo  measure  met  this  considera- 
tion. It  runs  directly  east  and  west,  so  that  the  sun- 
light was  directly  behind  the  sign  during  the  morning 
hours  and  fell  directly  on  the  sign  in  the  late  afternoon 
with  all  penumbra!  phases  during  the  day.     Morning 
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shadows  were  thus  compensated  for  by  afternoon  sun- 
light. The  roadway  was  of  concrete  near  the  sign  in 
the  far  distance  and  of  asphalt  in  the  observer's  im- 
mediate foreground.     A  low  concrete  retaining  wall  and 

a    concrete  building  were    

on  the  observer's  left  and 
brick  buildings  and  veg- 
etation immediately  in  the 
rear  and  to  the  right.  Ob- 
servations were  taken  at 
200,  300,  350,  400,  and  500 
feet.  Figures  4  and  5  show 
the  general  appearance  of 
the  area  in  which  the  tests 
were  made. 

In  selecting  the  observ- 
ers, an  attempt  was  made 
to  obtain  a  complete  cross 
section  of  actual  and  po- 
tential automobile  drivers. 
Many  observers  were 
obtained  from  the  local  em- 
ployment agency  through 
the  interested  cooperation 
of  the  American  Automo- 
bile Association.  The  ma- 
jority held  drivers'  permits 
but  care  was  taken  to  select 
a  due  proportion  of  non- 
drivers.  For  the  daylight 
operations,  approximately 
28  percent  were  female  and 
72  percent  male  and  ages 
ranged  from  17  to  70  years. 
Three  observers  claimed  to 
be  colorblind  but  were  not 
excluded  on  that  account. 


DAYLIGHT     OBSERVATIONS     ON 
NONLUMINOUS  SIGNS 


The  nonrenecting  signs 
used  for  daylight  observa- 
tions were  of  three  shapes 
with  standard  dimensions 
(24-inch  diameters):  (1) 
Octagon;  (2)  square;  and 
(3)  square  with  diagonals 
vertical  (diamond).  The 
ground  colors  were  stand- 
ard Federal  yellow,  black, 
and  white.  Black  letters 
were  used  on  the  yellow 
and  white  backgrounds 
and  white  letters  on  the 
black  backgrounds.  All 
letters  were  of  standard 
height  and  stroke.  Tn 
making  up  the  various 
legends,  separate  letters 
were  painted  on  heavy  bris- 
tol  board  and  attached  to 
the  signs  as  needed.  This 
permitted  transposition  of 
the  same  letters  or  the  use 
of  different-sized  letters  on 
the  same  sign  to  check  the 
accuracy  of  the  previous  reading. 

All  observations  were  made  on 
dimensions    and    design,    adopted 
Association  of  State  Highway 


SUPERIORITY  OF  YELLOW  BACKGROUND 
FOR  DAYLIGHT  VISIBILITY  DEMON- 
STRATED; THREE-FOURTHS-INCH  RE- 
FLECTING BUTTON  FOUND  EFFICIENT 
FOR  NIGHT  DRIVING 

The  findings  in  this  investigation  of  standard 
luminous  and  nonluminous  highway  signs  are 
briefly  summarized  as  follows: 

1.  Daylight  observations  on  nonluminous 
signs. — All  evidence  points  to  the  definite  conclu- 
sion that  the  standard  yellow  background  with 
black  letters  or  design,  under  all  conditions 
reasonably  to  be  expected  in  either  urban  or  rural 
driving,  is  much  superior  to  black  on  white  or  white 
on  black.  In  addition  to  the  greater  readability  of 
the  legend  the  yellow  background  has  a  greater 
signal  value,  being  more  arresting  to  the  average 
observer  and  more  conspicuous  by  contrast  with 
the  average  natural  or  artificial  background.  By 
the  adoption  of  a  definite  shade  and  hue  it  should 
be  possible  to  prohibit  the  use  of  this  distinctive 
shade  for  any  roadside  advertisements  or  signs 
other  than  official  highway  signs. 

2.  Night  observations  on  nonluminous 
signs. — While  these  observations  were  not  in  any 
way  conclusive,  the  inadequacy  of  daylight  signs 
for  night  driving  was  clearly  indicated.  The  effect 
of  a  snow  background  was  especially  noted. 

3.  Night  observations  on  luminous  signs. — 
Observations  were  made  with  three  sizes  of 
reflector  button,  0.95-inch,  0.76-inch,  and  0.58- 
inch,  under  conditions  simulating  both  rural  and 
city  driving.  The  conclusion  was  reached  that 
the  colorless  button  with  a  diameter  of  0.76-inch 
and  a  minimum  spacing  between  buttons  of  1  inch, 
center  to  center,  is,  in  general,  the  most  efficient. 
For  rural  use  the  0.58-inch  button  has  a  superior 
long-range  signal  value,  but  is  less  readable  than 
the  unit  of  larger  diameter. 

4.  Daylight  observations  on  luminous 
signs. — The  effect  on  distinctness  in  daylight  of 
inserting  reflecting  buttons  in  the  letters  is  not 
serious  at  a  distance  of  200  feet,  even  though 
approximately  50  percent  of  the  area  of  the  letter 
is  taken  up  by  colorless  buttons.  The  difference 
in  the  effect  on  black  and  on  white  letters  is 
negligible. 

5.  Recognition  by  shape  of  sign. — The 
practice  of  outlining  highway  signs  with  reflector 
buttons,  so  that  the  road  user  may  recognize  a 
potential  hazard  at  a  distance  by  the  distinctive 
shape  of  the  sign  plaque  alone,  is  worthy  of  further 
development.  The  use  of  symbols,  except  for  the 
arrows  indicating  curve  or  direction,  is  not  con- 
sidered as  effective  as  outlining  the  sign  with 
buttons. 


shade  of  the  paint  used  for  ground  color  on  the  yellow 
signs  conform  to  the  colorimetric  requirements  of  rule 
53  of  the  sectional  committee  on  colors  for  traffic 
signals  of  the  American  Standards  Association.     These 

requirements  have  been 
adopted  by  the  American 
Association  of  State  High- 
way Officials  as  standard 
specifications  and  the 
shade  is  informally  know  n 
as  "Federal  yellow."  The 
three  associated  elements 
of  si»;n  recognition,  that 
is,  shape,  color,  and  legend, 
were  reported  on  and  re- 
corded separately. 

A  3-way  telephone  sys- 
tem connecting  the  re- 
corder at  the  observation 
button  with  the  operator 
at  the  pendulum  and  the 
manipulator  making  the 
sign  changes  was  installed. 
The  recorder  would  in- 
dicate to  the  pendulum 
operator  the  time  interval 
required  and  to  the  sign 
manipulator  the  desired 
change  of  the  sign.  In 
order  that  the  observer 
should  Jnot  be  apprised  of 
the  character  of  the  change 
or  of  the  time  interval,  tin- 
information  was  conveyed 
either  in  code  or  by  a  pre- 
viously arranged  sequence 
of  operation.  When  the 
proper  adjustments  had 
been  made,  the  observer 
pressed  a  push  button 
releasing  the  shutters.  He 
was  then  required  to  in- 
form the  recorder  whether 

Or  not  a  sign  had  been  seen 

during  the  interval  of  free 
sight  and,  if  so,  its  shape. 
color,  and  legend.  The  sign 
or  its  legend  was  then 
changed.  The  change 
might  consist  of  a  trans- 
position of  letters  or  the 
display  of  an  entirely  dif- 
ferent sign.  The  trans- 
position of  lettersor  legend 
was  particularly  interest- 
ing in  that  it  is  apparent 
thai  if  an  observer  could 
not  read  a  6-inch  letter  in 
0.5-second    interval,   it 


a 


signs  of  standard 

by    the    American 

Officials.      The   hue   and 


ist  or 
sign,  but 
a   large 


might  be  possible  and  fre- 
quently was  so  to  read  an 
8-inch    letter   in    the    same 
interval   and    at   the    same 
distance.     Obviously    the 
large  direel  ion  arrow  tnighl 
even    suggesl    recognition   of    the    CURVE 
if  the  CURVE  is  changed    to  TURN    and 
R    or    L    substituted  for  the    arrow,    it   will 


serve  as  a  check  on  the  accuracj  of  the  previous  read- 
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ing,  the  color,  shape,  and  time  period  not  having  been 
changed. 

For  the  tests  of  nonreflecting  signs  70  observers  were 
used  who  made  a  total  of  4,563  observations  at  the 
various  distances  from  200  to  500  feet.  The  time  inter- 
vals for  legibility  of  the  legend  ranged  from  1.0  to  0.6 
second.  This  apparently  was  the  shortest  interval  in 
which  the  legends  could  be  distinctly  read,  the  read- 
ability, of  course,  diminishing  with  the  distance.  The 
time  intervals  0.5,  0.4,  and  0.3  second  were  included  to 
determine  whether  the  observer  could  still  see  a  sign  at 
all  and,  if  so,  its  shape,  color  and  legend. 


The  contention  that  when  two  colors  are  used  the 
background  should  be  of  the  darker  color  is  not  in 
this  instance  conclusively  borne  out  because  the 
superiority  of  white  on  black  over  black  with  yellow 
background  obtains  only  at  200  feet.  One  explanation 
of  the  apparent  difficulty  in  reading  black  on  white  is 
that  sun  glare  on  the  high  gloss  white  background 
obscures  the  black  letters  and  this  is  apparently  verified 
when  it  is  noted  that  the  percentages  of  difference 
decrease  appreciably  as  the  distance  is  increased.  At 
400  feet  both  black  and  white  combinations  are  equal 
and  at  500  feet  there  is  but  1   percent  in  favor  of  the 


I 


>"--&-v 


Figure  4. — General  View  of  Main  Driveway  at  Bureau  of  Standards,  With  Observer's  Station  in  Foreground. 


AVERAGES  OF  ALL  OBSERVATIONS  INDICATE  SUPERIORITY  OF 
BLACK  ON  YELLOW 

The  average  of  the  observations  at  all  distances  and 
for  all  time  intervals  establishes  the  following  relative 
values:  Readings  of  the  black  on  white  combination 
were  57  percent  correct;  of  the  black  on  yellow  com- 
bination 66  percent  correct,  and  of  the  white  on  black 
combination  59  percent  correct.  Figure  6  shows  the 
variation  in  the  percentage  of  correct  readings  with  the 
distance  of  the  sign  from  observer's  station.  The  data 
are  given  in  tabular  form  in  table  1.  Figure  7  gives  the 
percentage  of  correct  readings  for  each  of  the  various 
signs  and  time  intervals  used,  and  for  each  of  the  dis- 
tances from  the  observer. 

In  analyzing  this  tabulation,  it  is  interesting  to  note 
that  at  200  feet,  white  on  black,  i.e.,  white  letters  on 
black  background,  had  a  distinct  advantage  over  black 
on  white  and  a  slight  superiority  over  black  on  yellow. 
At  300  feet  the  superiority  is  to  a  small  extent  reversed 
with  respect  to  the  black  and  white  combinations,  being 
2  percent  in  favor  of  the  black  on  white,  but  at  350  feet 
it  is  again  5  percent  the  other  way. 


white  on  black.  At  all  distances,  except  200  feet 
however,  black  on  yellow  has  the  advantage  of  from 
5  percent  to  12  percent  over  either  of  the  othei 
combinations. 

Table  1. — Percentage  of  car  reel  readings  at  each  station,  averagec 
for  all  time  intervals 


Distance 

from 
observer 

Color  combination 

Pereent- 
a|  e  "I 
correct 

re  idintrs 

/ 1  ( 

1  Black  on  white . 

\ 

ZOO 

<  Black  ©n  yellow                                             -  

| 

(While  on  black                                                            .. 

9; 

1  Black  on  whi'e.                                                         

« 

300 

<  Black  on  yellow                                                            .  ..   

7 

8 

1  Black  on  white. .                                      

r, 

360 

I  Black  on  vellow  ..                                  .__ 

7. 

1  White  on  black  .                                           ..  

fi" 

iBlack  on  white                                                   -  -. 

3! 

400 

'.  Black  on  vellow                                                  -  

4! 

1  White  on  black 

Is 

I  Black  on  white                                                       -     - 

3. 

500 

Black  on  yellow                                                         

4f 

1  White  on  nhek                                    - .- 

3f 
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Figure  5. — Winter  View   from  Observer's  Station. 


DATA  ON  MEAN  AND  EXTREME  DISTANCES  ANALYZED 

The  previous  discussion  deals  only  with  general 
averages  of  correct  recognition  of  the  signs,  including 
all  transpositions  of  the  legend  and  time  periods 
down  to  0.6  second.  A  more  complete  analysis  of 
the  correct  percentages  obtained  at  the  mid  or  critical 
distance  and  at  the  extreme  stations  (200  and  .",00  feet  l 
follows.  The  data  obtained  with  signs  placed  at  these 
stations  are  given  in  tables  2  and  3. 

The  350-foot  distance  apparently  i-  the  critical  point 
beyond  which  there  is  an  abrupt  falling  oil'  in  readability 
of  the  signs.  At  this  station,  17  observers  (0  female 
and    11    male)    made    777    observations.     Separating 


Table    2. 


Comparative    visibility    at    mean    distana      350-foot 
station 


Per- 

centage 

Sign 

Size  of  lei  tei 

'rime 

intei    i 

ubination 

0l    rul 

reel 

rend 

Sec- 
onds 

8  by  l?f6  inches... 

I   0 

7s 

SLOW 

1  White  on  bl  II 

72 

1  Black  on  white 

04 

STOP 

fi  by  1  inch 

.8 

Black  on  vellou  -  . 

|  Black  on  white 

crin  e 

6  by  J|  inche 

•  ' 

Black  mi  yellow 

1  White  on  black  -  -  - 
1  Black  on  «  lute 

04 

.  6   !  Black  on  yellow... 

i.l 

I  \\  bite  on  W  ick 

|  Black  on  white 

SLOW 

8  bj  1  ^  is  inches 

.  6    !  Black  •  ■ 

these  according  to  time  intervals  and  observing  the 
SLOW  sign  (letters  8  inches  in  height  with  I'i,,  inches 
stroke)  at  1.0  second,  we  find  that  the  black  on  white 
shows  78  percent,  black  on  yellow  83  percent,  and  white 
on  black  72  percent  correct.  The  STOP  sign  (6-inch 
letters)  at  0.8  second  shows:  Black  on  white  til  percent, 
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Figure  6.— Percentage  of  Correct  Readings  of  Non- 
ii  minoi  -  Signs  in  Daylight  \t  Various  Distani  es  From 
Observer.  Average  for  All  Time  [ntervals  \t  Each 
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SLOW 


STOP 

6 "»  I  " 


CURVE       ZONE 
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STOP 

6  «  l" 

CURVE       ZONE 

c  '„  ^  "                          e"„  5 
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SLOW 

60    -      -. 


- 
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- 
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1 

EOO-FOOT    STATION 


300- FOOT    STATION 
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- 
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~ 
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350-FOOT    STATION 


4.00-FOOT    STATION 
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1 
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- 

1     SECOND 
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0  7    SECOND 

0  6   SECOND 
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COLOR  COMBINATIONS 
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I    SECOND 
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Figure  7. — Percentage  of  Correct  Readings  of  Nonluminous  Signs  in  Daylight  at  Various  Distances  from  Observer 

and  for  Various  Lengths  of  Time  of  Observation. 
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black  on  yellow  78  percent,  and  white  on  black  77 
percent  correct.  The  CURYK  si^n  letter,  6  inches  in 
height  with  %-inch  stroke)  at  0.7  second  shows:  Black 
on  white  52  percent,  black  on  yellow  til  percent,  and 
white  on  black  65  percent,  With  the  SCHOOL  ZONK 
sign  (letters  5  inches  in  height  and  %-inch  stroke)  al 
0.6-second  interval,  the  percentages  are:  Black  on 
white  62  percent,  black  on  yellow  (14  percent,  and  white 
on  black  63  percent  correct. 

At  this  point  the  accuracy  of  the  observer's  reading 
was  checked  by  again  using  the  8-inch  letters  on  the 
SLOW  sign.  Except  for  the  black  on  yellow  the  per- 
centages obtained  do  not  verify  anticipations  of 
increased  legibility  for  the  larger  letter,  for  at  the  same 
time  interval  (0.6  second)  the  readings  were:  Black  on 
white  56  percent,  black  on  yellow  71  percent,  and  white 
on  black  63  percent  correct. 

As  in  the  general  averages  previously  referred  to, 
black  on  yellow  still  maintains  its  first  place  with  white 
on  black  and  black  on  white  following  in  that  order,  the 
percentages  at  this  station  being  62  percent  for  black 
on  white,  72  percent  for  black  on  yellow,  and  67  per- 
cent for  white  on  black. 

The  data  are  not  broken  down  into  time  intervals 
showing  the  relative  percipiency  as  between  male  and 
female  drivers  but  the  arithmetical  average  obtained  at 
all  intervals  may  be  enlightening.  The  6  females  made 
297  observations  and  the  11  males  made  480  observa- 
tions at  the  critical  station  (350  feet)  with  the  following 
results: 

FEMALE  OBSERVERS 

Percent  correct 

Black  on  white 47 

Black  on  yellow 64 

White  on  black 57 

MALE    OBSERVERS 

Percent  correct 

Black  on  white 76 

Black  on  yellow 79 

White  on  black 77 

Possibly  the  relatively  low  female  average  can  be 
attributed  to  the  fact  that,  of  the  6  observers,  3  were 
nondrivers  and  therefore  presumably  unfamiliar  with 
the  signs.  All  of  the  11  males,  on  the  other  hand,  held 
driving  permits. 

At  the  extreme  distances,  the  following  results  were 
obtained:  At  200  feet  the  minimum  distance,  a  total 
of  684  observations  were  made  by  12  observers,  3 
female  and  9  male.  The  time  intervals  were  1.0,  0.8, 
0.7,  and  0.6  second  and  the  sign  copy  as  before.  At  1 
second,  black  on  white  registered  87  percent,  black  on 
yellow  93  percent,  and  white  on  black  95  percent  cor- 
rect, At  0.8  second,  black  on  white  registered  93  per- 
cent, black  on  yellow  99  percent,  and  white  on  black 
97  percent  correct.  At  0.7  second,  correct  registration 
for  black  on  white  was  84  percent,  black  on  yellow-  88 
percent,  and  white  on  black  87  percent,  At  0.6  second, 
with  the  5-inch  letter,  black  on  white  registered  70  per- 
cent; black  on  yellow  83  percent,  and  white  on  black  91 
percent  correct.  Again  at  0.6  second,  with  the  8-inch 
letter,  a  marked  increase  in  the  correct  readings  is 
noted,  giving  for  black  on  white  84  percent,  black  on 
yellow  87  percent,  and  white  on  black  98  percent  cor- 
rect. The  difference  in  percentages  in  favor  of  the 
white  on  black  as  against  the  black  on  white  is  again 
pronounced,  and  white  on  black  is  superior  also  to 
black  on  yellow,  except  for  the  6-inch  letter  at  0.8 
second  and  the  5-inch  letter  at  0.7  second.  In  com- 
paring again  the  visual  acuity  of  the  females  with  that 


of  the  males,  quite  the  reverse  of  the  condition  at  350 
led     i-    noted,    in    that     for    nil    the    time    intervals    the 

females  registered  '.»()  percent  for  black  on  white:  93 
percent  for  black  on  yellow,  and  05  percent  for  w  hilc  on 
black,  as  against  81  percent,  ss  percent  and  !»l  percent, 
respectively,  for  the  males. 

Table  \i.     Comparative  visibility  nl  extreme  distam 

i  OOT  ST  \Tlo\ 


Sign 

Size  ofletter 

Time 

inter- 
val 

( !olor  combination 

Pe. 

cent- 
age 
ol  cor- 

n  .a 
read- 

SLOW  . 

s  by  1?  I.,  inches. .. 

.  1.        ■  ini'li. 
s  by  1  '  ie  i ti i  '■  e 

Seconds 

1.0 

.8 

.6 
.6 

1 1 '.  i  ,  i  i   on  ■.■.  tiite 

s7 
93 

(White  on  black 
1  Black  mi  w  hite 

95 
93 

STOP 
CURVE 

Black  on  yellow.  - 
[White  on  black 
|  Black  nil  white 

Black  on  yellow       

99 
97 

M 
88 

1  White  on  Mark 

>7 

ZONE 

1  Black  on  «  hite 

Black  (ill  yellow... 

7i, 
83 

1  While. >n  black  .. 

1  Black  on  white 

91 

si 

SLOW 

Black  on  j  ellow 

s7 

1  White  on  black.. 

98 

iOO-FOOT  STATION 


[Black  on  white. . 

12 

SLOW 

8  by 

1.0 

I  Black  on  yellow.. 

[White  on  black 

I  Black  on  while                     

58 
37 
10 

STOP 

i)  by  1  inches 

.8 

Black  on  yellow..     ... 
[White on  black..      .      

47 
30 

6  by  >  inches 

.  7 

1  Black  on  w  hite. 

35 

Black  on  yellow 

39 

1  Whiteon  black  . 

37 

[Black  on  white 

33 

ZONK 

5  b\  H  inches 

.0 

Black  on  \  ellow 
1  While  .in  black 

11 
.17 

1  Black  on  while  . 

34 

SLOW.     . 

8  by  b:  i  -  ini  1  i 

.0 

Black  on  yellow.. 

-,_> 

[White  on  black 

37 

At  the  maximum  distance,  500  feet,  at  which  station 
11  observers  made  600  observations,  the  following  data 
were  obtained.  On  the  large  SLOW  sign  al  1 .0  second, 
1_'  percent  correct  for  black  on  white,  58  percent  for 
black  on  yellow,  and  37  percent  for  white  on  black  was 
registered.  At  0.8  second,  with  the  STOP  sign  having 
6-inch  letters,  the  black  on  white  shows  30  percent, 
black  on  yellow  47  percent,  and  white  on  black  30  per- 
cent correct.  At  0.7  second  with  a  6-inch  letter  having 
a  narrow  stroke  (%-inch)  the  correct  readings  were: 
Black  on  white  35  percent,  black  on  yellow  39  percent, 
and  whiteon  black  37  percent  correct.  The  increase  in 
percentage  of  correct  readings  for  the  black  on  white 
and  white  on  black  combinations  is  probably  due  to  the 
fact  that  the  large  CURVE  symbol  (arrow)  was  dis- 
played on  the  CURVE  sign,  thus  introducing  an  element 
of  suggestion  to  the  observer.  Changes  on  this  sign 
consisted  of  substituting  large  letters  K  or  L  for  the 
arrow  or  Tl '  R  X  for  CU  RVE.  Ai  0.6  second  the  ZON  E 
sign  was  firsl  used  and  the  changes  or  transpositions 
consisted  of  interchanging  the  words  HOSPITAL  and 
3CHOOL.  These  letters  are  5  inches  in  height  and 
correct  registration  was:  Black  on  white  33  percent, 
black  on  yellow    II    percent,  and   white  on  black   37 

percent, 

It  is  interesting  to  note  thai  at  this  point  several 
observers  were  asked  if  the  copy  was  clearkj  read  or  if 
the  identification  was  made  from  the  picture  as  outlined 
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by  the  length  of  the  words.  A  number  of  observers 
claimed  that  they  actually  read  the  words  but  perhaps 
a  greater  number  identified  the  sign  by  reading  the 
shorter  word  and  guessed  at  the  longer.  Comparing 
the  readings  of  the  ZONE  sign  at  0.6  second  against 
the  8-inch  letter  of  the  SLOW  sign  at  the  same  inter- 
val, we  find  an  increase  of  1  percent  in  efficiency  of  the 
larger  letter  over  the  smaller  in  the  case  of  black  on 
white  and  S  percent  in  the  case  of  the  black  on  yellow, 
while  the  white  on  black  registered  no  difference. 

RESULTS  OBTAINED  BY  OTHER  INVESTIGATORS  DISCUSSED 

As  previously  indicated,  exhaustive  investigations  of 
sign  color  combinations  have  been  made  in  university 
and  commercial  research  laboratories  and  by  State 
highway  departments,  but  apparently  this  is  the  first 
time  that  there  has  been  an  opportunity  for  estimating 
personal  percipiency  or  reaction  of  the  road  user  as 
measured  by  a  definitely  controlled  time  interval  or 
factor.  In  effect,  the  percentages  quoted  confirm 
deductions  made  in  some  of  the  laboratory  tests 
although  these  may  have  dealt  primarily  with  the 
visibility  of  color  used  on  automobile  tags  and  not 
exclusively  with  highway  signs. 

From  the  investigations  made  last  year  by  Prof.  A.  R. 
Lauer,  of  the  department  of  psychology,  Iowa  State 
( 'ollege,  under  the  auspices  of  the  National  Research 
(  Ymncil,  it  appears  that  yellow  for  backgrounds  is  better 
than  orange ;  but  Professor  Lauer's  deductions  that  light 
backgrounds  are  always  better  than  dark  was  not  com- 
pletely verified.  In  connection  with  the  studies  made 
in  the  office  of  the  New  Jersey  Traffic  Commission  at 
Trenton,  Mr.  A.  H.  Vey  reports  that  it  appears  that 
white  on  a  black  background  gave  from  15  to  20  percent 
greater  distance  legibility.  No  such  superiority  of 
white  on  black  over  black  on  white  is  indicated  in 
these  tests.  Mr.  Vey  further  expresses  the  opinion, 
however,  that  black  on  white  is  more  adaptable  under 
certain  conditions,  which  will  depend  upon  the  back- 
ground; and  will  probably  give  better  service.     He  sug- 

sts  that  any  objections  to  the  black  background  might 
be  overcome  to  a  large  extent  by  designing  a  wide  white 
border  around  the  sign. 

In  his  treatise  on  Color  and  Its  Application,  1921, 
Mr.  M.  Luckiesh,  quoting  a  report  from  Le  Courrier 
du  Livre,  gives  the  combination  black  on  yellow  as  first 
and  white  on  black  as  tenth  in  his  list  of  13  color  com- 
binations. The  customary  black  on  white  is  sixth. 
This  rating  is  borne  out  by  these  investigations  only  as 
applying  to  the  black  on  yellow.  On  the  other  hand, 
in  an  unpublished  investigation  of  automobile  license 
tags  made  by  the  National  Bureau  of  Standards,  it 
developed  that  the  black  on  yellow  combination  was 
fourth  in  the  list  of  25  combinations  investigated. 
Black  on  white  was  eighth  and  white  on  black  was 
eleventh.  These  three  combinations  gave  93.2,  91.1, 
and  87.7  percent,  respectively,  of  correct  readings. 

These  ratings,  while  supporting  in  a  measure  the 
present  investigations,  are  not  necessarily  conclusive 
in  that  the  time  interval  of  free  sight  was  not  considered, 
nor  was  any  attempt  made  to  relate  the  observing  time 
to  the  distance  at  which  the  tags  were  legible. 

RAPIDITY  OF  RECOGNITION  OF  SHAPE,  COLOR,  AND  LEGEND 

The  rapidity  with  which  the  average  individual 
observer  could  select  or  pick  out  a  sign  from  its  sur- 
rounding background  and  recognize  its  shape,  color,  or 
legend  was  tested  at  time  intervals  of  0.5,  0.4,  and  0.3 
second.     In  only  a  negligible  number  of  instances  and 


at  the  minimum  distance  were  observers  able  to  identify 
the  sign  by  any  of  these  characteristics  at  intervals 
shorter  than  0.3  second.  The  SLOW  sign  with  an 
8-inch  letter  and  the  STOP  sign  with  a  6-inch  letter 
were  used  for  this  purpose.  In  all,  600  observations 
were  made  by  50  observers.  The  average  percentages 
of  correct  readings,  combining  all  three  factors  and 
including  all  distances,  are  given  in  table  4. 

Here  the  superiority  of  the  black  on  yellow  is  again 
apparent,  except  at  the  0.5-second  time  period,  where 
black  on  white  has  a  3-percent  advantage.  This 
superiority  is  most  pronounced  at  the  minimum  of  0.3 
second. 

Table  4. — Percentage  of  correct  readings  of  shape,  color  and  leg,  ml 
combined,  at  short  time  intervals;  average  for  all  distances 


Sign 

si?e  of 
letter 

Time 
interval 

Color  combination 

Per- 
centage 
ol  cor- 
rect 

read- 
ings 

STOP 

Inch  as 
6 

8 

6 

Seconds 

0.5 

.4 
.3 

IBlack  on  white ...  .  .. 

t Black  on  yellow..  . ... 

78 

SLOW.. 

1  White  on  black 

IBlack  on  white .     .     ... 

Black  on  yellow  .  .     ..  ..  

(White  on  black .. 

I  Black  on  white. _.  ...  ...     ... 

fid 

M 
r.4 

28 

STOP 

Black  on  yellow.. 

45 

( White  on  black 

33 

In  tables  5,  6,  and  7,  the  component  characteristics  ol 
shape,  color,  and  legend,  are  separated.  Table  5  gives 
the  data  for  recognition  by  the  shape  of  the  sign. 


Table  5. 


'  o    ect   recognition  of  shape  at   short   lime  intervals 
average  for  all  distances 


Sign 

Shape  of  plaque 

Time 

inter- 
val 

( !olor  combination 

Per- 
centage 

of  cor- 
rect 

read- 
ings 

STOP 

Octagon 

Seconds 
0.  5 

.4 

.3 

IBlack  on  white _. 

Black  on  yellow 

(White  on  black ..  ...  ... 

85 
77 
59 

SLOW 

IBlack  on  white 

< Black  on  yellow _  _. 

61 

i;c, 

i  ictagon...  .  

1  White  on  black 

:,5 
32 

STOP 

Black  on  yellow      .     ... 
(White  on  black 

49 
33 

The  advantage  of  the  black  on  white  at  0.5  second 
may  possibly  be  attributed  to  the  contrasting  back- 
ground aided  by  a  bright  afternoon  sunlight  falling 
directly  on  the  sign.  This  advantage,  however,  did  not 
obtain  at  the  shorter  intervals,  at  which  black  on  yellow 
retains  its  superiority. 

For  recognition  of  color,  a  feature  which  is  perhaps 
the  most  important  of  the  three  factors,  in  that  the 
element  of  color  contrast  with  surrounding  backgrounds 
is  paramount,  the  results  were  as  shown  in  table  6. 

These  percentages  clearly  indicate  the  superiority  of 
the  Federal  yellow  for  ground  color.  This  superiority 
is  most  marked  at  the  shortest  interval.  The  high 
percentage  of  the  black  on  white  at  0.5  second  seems  to 
check  the  assumption  previously  made  that  bright  sun- 
light materially  assisted  in  accentuating  the  contrast 
with  the  surrounding  background. 

Table  7  gives  the  results  for  correct  readings  of  the 
si?n  Wend  onlv. 
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Table  6.- 


ecognition   of  color   a!   short 
atH  ragt  for  all  distai 


Sign 

Time 

intei 

val 

i  'uliir  combinal  ion 

IV, 
Ol   Col 

Seconds 

0   i 

-  i 
.3 

I  Black  ou  white 

STOP 

Black  on  yellon 

[White  on  b] 

IB1  ick  on  w  hue 

SLOW 

Black  "ii  \  ellow 

SI 

I  White  (iii  black 
(Black  on  white 

'  S 

STOP 

\  Black  on  vellow 

.14 
38 

Table  7. 


ct  raiding  of  legend  at  short-time  intervals;  average 
for  all  distanct  s 


-i  a 

Size  "I 
letter 

I  ime 

intei 

val 

Coloi  combinal  ion 

Per- 

ol  COI 

reel 
read 

STOP 

Inchi  s 
6 

8 

6 

Second* 
0.5 

.  1 

.3 

[Black  on  white                        

58 

V, 

I  White  on  black 

| Black  on  white.. 

'7 

SLOW..            

STOP 

•Black  on  yellow.. 
(White  on  black 
|  Black  mi  white 
Black  on  yellow .. 
1  White  on  black 

in 
It 

IN 

2  7 

At  these  intervals  no  attempt  was  made  to  check  the 
observer's  accuracy  by  transposing  or  otherwise 
changing  the  letters  and  the  data  may  not  be  conclusive 
because  it  was  felt  that  at  least  some  observers  liad 
subconsciously  memorized  previous  ^identifications. 
As  the  interval  shortens  the  decreased  accuracy  is  con- 
sistent with  the  decreases  in  the  shape  and  color  read- 
ings. The  general  averages  for  the  three  short-time 
intervals  and  at  all  the  distances  but  for  each  of  the 
elements  of  recognition,  as  shown  in  table  8,  gives  a 
very  concrete  idea  of  the  weight  the  respective  com- 
ponents hear  to  complete  recognition. 

Table  8. — General   averages  of  correct   readings  of  shape,  color, 
and  legend  at  0.5,  0.4,  and  0.3  second  for  all  dista 


1  olor  combinal  ion 

Sh  ipe 

< 'olor 

1  ,egi  ■ 

Black  on  white... 

',1 
49 

I'i  TCi  ill 

63 

77 
GO 

P 

Black  on  yellow. .. 

11 

White  on  black 

19 

I  hie  the  fact  that  black  on  white  is  superior  to  white 
on  black  in  the  first  and  second  cases  is  possibly  due 
to  the  element  of  glare  which  did  not  affect  recognition 
of  either  shape  or  color.  For  legibility  of  legend,  how- 
ever, white  on  black  has  3  percent  advantage  over 
black  on  white,  and  black  on  yellow  is  more  readily 
picked  up  than  either  of  the  other  combinations. 

Reading  at  the  mid  or  critical  distance  of  350  feet 
before  referred  to  and  distinguishing  between  the  factors 
shape,  color,  and  legend,  we  have  the  following  results 
at  these  short  intervals.  For  recognition  of  shape, 
black  on  white  gave  51  percent,  Mack  on  yellow  55 
percent,  and  white  on  black  42  percent.  Here,  as  in  the 
general  average,  the  superiority  of  the  white  over  the 
black  background  is  again  demon  trated,  but  the  lead 

7640—33 — 2 


of  the  yellow  is  maintained.  For  recognition  of  color, 
black  on  white  gave  55  percent;  black  on  yellow  73 
percent  ;  and  w  bite  on  black  64  percent .  This  re\  erses 
the    black    and    white    order   as   shown    hy    the    previous 

percentages.  For  recognition  of  legend,  black  on  white 
gave  37  percent;  black  on  yellow  50  percenl  ;  and  whiteon 
black  42  percenl ,  again  confirming  1  he  general  averaj 

At  the  minimum  distance  (200  feet  1  and  for  the  same 
time  intervals,  that  is,  0.5,  0.4,  and  0.3  second,  the 
following  results  were  obtained.  For  recognition  of 
shape,  black  on  white  registered  55  percent  correct, 
olack  on  yellow  81  percent,  .and  white  on  black  85 
percent.  As  to  color,  black  on  white  registered  65 
percent,  black  on  yellow  89  percent,  and  white  on  black 
85  percent.  As  to  legend,  black  on  white  gave  58  per- 
cent, black  on  yellow  77  percent,  and  white  on  black 
87  percent  correct.  At  this  short  range,  it  is  aifficult 
to  understand  why  the  white  on  black  sign  should  he 
so  distinctly  superior  to  the  black  on  white.  For  color, 
however,  the  black  on  yellow  is  still  superior  to  the 
other  combinations. 

At  the  maximum  distance  of  500  feet  there  is  a  re- 
versal of  the  relative  ratings  of  the  black  and  white 
combinations,  as  compared  with  those  obtained  at  the 
minimum  distance  of  200  feet,  as  the  following  will 
show.  For  shape,  black  on  white  registered  65  percent, 
black  on  yellow  65  percent,  and  white  on  black  23  per 
rent  correct.  For  color,  black  on  white  registered  65 
percent,  black  on  yellow  81  percent,  and  white  on 
black  43  percenl .  For  legend,  black  on  white  registered 
17  percent,  black  on  yellow  14  percent,  and  white  on 
black  10  percent.  For  all  three  characteristics,  black 
on  white  is  superior  to  white  on  black,  but  black  on 
yellow  still  leads.  Especially  significant  is  the  high 
percentage  of  correct  color  readings,  SI  percent  for 
black  on  yellow  .as  against  65  and  43  percenl  for  the 
black  and  white  combinations.  With  the  varied  back- 
ground of  foliage  and  artificial  culture,  it  was  not 
difficult  to  recognize  the  yellow  even  though  the  time 
interval  was  reduced  to  0.3  second.  The  white  sign 
contrasted  distinctly  with  the  natural  background. 

Analysis  of  the  recognition  of  each  of  the  three  com- 
ponent elements  by  time  interval  tit  the  critical  station 
(350  feet)  clearly  presents  the  comparison  sought  and 
it  is  unnecessary  to  break  the  data  down  into  the  time 
factors  obtained  tit  the  other  stations.  The  con- 
sistency of  tin1  data  obtained  at  the  350-foot  station 
with  the  comparisons  shown  in  the  general  averages 
for  .all  distances  is  significant.  The  detailed  data  for 
this  stal ion  are  given  in  table  9. 

REASONS  FOR  SUPERIORITY  OF  BLACK  ON   YELLOW  DISCUSSED 

The  foregoing  data  are  sufficiently  exhaustive  to 
indicate  definitely  that  the  black  legend  on  the  yellow 
background  has  a  distinct  advantage  over  either  the 
white  on  black  or  black  on  white  combinations  and 
that  the  -election  of  this  combination  by  the  American 
Association  of  State  I  [ighway  Officials  is  fundamentally 
correct . 

In  arriving  at  this  conclusion  two  features  which 
enhance  its  value  .as  a  signal,  the  rapidity  with  which  a 
driver's  attention  is  attracted  to  the  yellow  sign  and 
the  conspicuousness  of  its  contrasl  with  surrounding 
backgrounds,  have  been  duly  weighed.  By  signal 
value  is  meant  the  maximum  distance  at  which  a  sign 
can  be  identified  as  a  sign  regardless  of  the  distance  at 
which  its  message  become-  clearly  readable.  At  dis- 
tances of  350  feet  or  greater,  with  the  0.5  to  0.3  second 
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Figure  8. — Night  Observations  on  Nonluminous  Signs:  Comparative  Readability  and  Recognition  of  Shape,  Color,  ane 

Legend. 
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Table  9. — Correct  recognition  of  shape,  color,  and  legend  at 
0.4,  and  O.S-second  intervalt  1  ot  station 


Time 
interval 

Keeognition  of — 

Color  combination 

centage 

uf 
coi  rect 

Seconds 

Shape- 

[Black  on  white 

71 

0.5 

Black  on  yellow 

68 

Color 

Legend 

[White  on  black 

58 

I  Black  on  white        -  

80 

.  5 

Black  'in  yellow 

vii 

[White  on  black 

71 

.5 

Black  on  yellow 

i'iI 

t.'i 

I  Black  on  white 

til) 

i 

51 

1  lolor... 

Legend 

Shape_-   

Color 

1  White  on  Mark 

hi 

4 

■  Black  on  yellow   . 

80 

'  White  on  black 

80 

|  Black  on  white    -  

11 

.4 

<  Black  on  yellow 

51 

1  White  on  black 

58 

iBlack  on  white 

19 

.3 

Black  on  yellow 

50 

[White  on  black 

29 

(Black  on  white 

25 

.3 

56 

Legend. 

(white  on  black 

35 

.3 

IBlack  on  white 

•Black  on  yellow - 

13 
38 

[White  on 'black 

23 

time  intervals,  particular  advantage  is  seen  for  the 
yellow  background  and  at  300  feet  or  less  the  wording 
becomes  progressively  more  legible.  At  40  miles  per 
hour  a  car  will  cover  59  feet  per  second,  so  that  if  the 
driver's  attention  is  attracted  to  the  sign  at  350  feet, 
he  will  have  3  seconds  in  which  to  arrive  at  a  point 
approximately  180  feet  in  front  of  the  sign,  where 
legibility  is  reasonably  assured. 

NIGHT  OBSERVATIONS  ON  DAYLIGHT  SIGNS 

As  a  proper  supplement  to  the  comparisons  made  in 
daylight,  260  observations  of  signs  unequipped  with 
reflecting  units  were  made  at  night.  The  observing 
personnel  consisted  of  4  females  and  6  males,  a  total  of 
10  observers.  The  general  location  was  the  same  as 
that  used  in  the  daylight  tests  except  that  on  account 
of  side  illumination  from  street  lamps  and  adjacent 
buildings  it  was  necessary  to  change  the  position  of  (lie 
test  object.  Automobile  headlights  of  a  type  approved 
by  the  Eastern  Conference  of  Motor  Vehicle  Admin- 
istrators were  mounted  in  front  of  the  observer's  screen 
previously  described.  The  observing  platform  was 
set  up  in  the  right  hand  driving  track  of  the  highway 
and  the  signs  were  placed  on  the  road  shoulder  ap- 
proximately 2  feet  to  the  right  of  the  pavement  edge. 
The  headlight  beams  were  directed  straight  ahead  with 
the  vertical  angle  such  that  the  cut-off  of  the  beam  fell 
approximately  on  the  upper  third  of  the  sign,  thus 
simulating  as  far  as  possible  actual  driving  conditions 
(fig.  3). 

By  experiment  it  was  found  useless  at  night  to  at- 
tempt to  read  the  daylight  signs  at  distances  greater 
than  200  feet.  For  this  reason  the  data  presented  are 
confined  to  that  distance.  At  distances  in  excess  of 
200  feet,  the  black  sign  could  not  be  distinguished  from 
the  surrounding  background,  except  when  piles  oi  snow 
furnished  a  contrasting  field.  In  a  lesser  degree  this 
is  also  true  of  the  yellow  background.  The  white 
background  seemed  to  merge  into  the  illuminated 
pavement  or  snowbank;  and  if  it  was  distinguished  at 
all  the  observers  invariably  claimed  to  have  seen  a 
yellow  sign.  This  may  have  been  due  to  selective 
reflection   or   to   the  yellow   hues   of   the   light    beam. 


Briefly,  it  was  felt  that  the  data  obtained  at  distal 
greater  than  200  feet  would  not  he  susceptible  of  any 
real  differentiation  and  could  not  serve  as  a  basis  for 
comparison  \t  200  feet  the  black  sign  was  in  distinct 
contrasl  with  the  snow  background,  resulting  in  inn 
percent  correct  recognition  of  the  color,  as  against  71 
percent  for  legend  and  <s;{  percent  for  shape. 

As  in  the  daylight  tests,  four  sie/ns  were  used,  i.e., 
SLOW,  STOP,  CURVE,  and  ZONE.  The  time  inter- 
vals lor  reading  the  shape,  color,  and  legend  were 
1.0,  0.8,  0.7,  0.0,  and  0.5  second. 

Jn  order  to  determine  the  general  readability  of  the 
signs  under  these  conditions  the  device  was  employed 
of  transposing  letters  and  determining  whether  die 
transpositions  could  he  picked  up  by  the  observer. 
The  data  on  comparative  readability  are  given  in  the 
first  panel  of  figure  8.  Average  values  lor  the  different 
color  combinations  were  as  follows: 

Percent 
correct 

Black  on  white  54 

Black  on  yellow     ...        t;7 

White  on  black 

The  remaining  panels  of  figure  S  give  the  data  on 
recognition  of  shape,  color,  and  legend,  respectively, 
and  of  shape,  color  and  legend  combined.  Average 
values  are  given  in  table  10. 

Table    10. — Night   observations  on   daylight   signs:   averagt 
cenlages  of  comd  no/lings  of  shape,  enlor,  ami  legend  for  oil 
Inn,  periods  ot  the  200-foot  station 


jrnition  of — 

Culm  combination 

Percent- 
correct 

I  Black  mi  white 
Black  mi  yellow 

88 

Mil 

[White  on  black 
|  Black  'it!  white 

- 
51 

Color.. 

Black  on  yellow 

01 

[white  on  black 

100 

Legend 

1  Black  mi  « hite 
Black  on  yellow 

Ml 

71 
71 

Thus  it  seems  that  as  a  sign  the  yellow  background 
contrasted  more  distinctly  with  its  surroundings  and 
was  more  easily  recognized  than  either  (he  black  on 
white  or  white  on  black;  but  the  legend  was  more 
legible  on  the  latter  two  signs.  It  should  lie  remem- 
bered, however,  that  the  yellow-  tinge  of  the  light  beam 
threw  a  distinct  yellowish  hue  on  the  white  sign.  The 
probability  of  this  effect  was  called  to  the  attention  of 
the  observers  and  it  is  possible  that  they  were  influenced 
thereby  to  a  greater  or  less  degree  in  their  decision, 
calling  the  white  sign  yellow. 

NIGHT  OBSERVATIONS  on   SIGNS  EQUIPPED  WITH   REFLECTING 

UNITS 

lii  carrying  on  the  nighl  tests  lor  signs  equipped  with 
reflecting  units  (button-)  the  same  general  procedure  as 
for  the  daylight  signs  was  followed  but,  inasmuch  a-  a 
differentiation  between  reflectors  of  different  diameters 
was  sought,  it  was  necessary  to  make  up  three  sets  of 
letters  required  for  each  sign.  A-  the  painted  bri 
board  letters  used  on  the  daylighl  signs  could  not  be 
perforated  to  receive  the  reflectors,  letters  punched 
to  receive  the  reflectors  were  stamped  out  on  aluminum 
sheets.  These  letter  silhouettes  were  countersunk 
info  wood  blocks  which  in  turn  fitted  into  their  respec- 
tive   place-   across    the    bod)    of   the    sign    proper.   This 
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permitted  rapid  change  or  transposition  of  letters 
equipped  with  different-sized  buttons.  The  buttons 
used  were  white  or  colorless  and  of  three  diameters, 
0.95-inch,  0.76-inch,  and  0.58-inch.     These  are  the 


viz, 


overall  dimensions  of  the  mounting  flange.  The  optical 
diameters  were  0.76,  0.58,  and  0.41  inch,  respectively. 
Figure  9  shows  examples  of  the  signs  with  reflector  but- 
tons and  the  manner  in  which  thev  were  fabricated. 


Figure  9. — Examples  of  Signs  Equipped   With  Reflector 
Buttons,  Showing  Method  of  Fabrication. 

Because  of  the  different  shapes  and  superficial  areas 
of  the  various  letters,  spacing  between  reflecting  ele- 
ments could  not  be  made  constant  except  at  the  expense 
of  proper  definition.  The  letters  L,  T,  and  E,  as  shown 
in  table  11,  serve  as  a  basis  for  the  comparison  of  the 
spacing  of  the  different-sized  buttons  and  the  relative 
areas  occupied  by  them. 

TheT  SLOW  and  STOP  signs,  and  CURVE  and 
TURN  signs  with  directional  arrow  symbols  were  used. 
The  SCHOOL  and  HOSPITAL  ZONE  signs  were  not 
included.  .Signs  of  this  character  are  not  usually 
equipped  with  reflecting  buttons;  the  width  of  the 
letter  stroke  would  admit  the  0.58-inch  button  only 
and  even  this  would  leave  practically  no  margin. 

There  were  13  observers,  11  male  and  2  female. 
The  total  number  of  observations  was  652.  Observ- 
ing stations  included  the  200  and  300-foot  stations  for 


Table  11. — Proportions  of  areas  of  letters  occupied  by  reflecli: 
buttons  of  different  sizes  and  spacing 


Letter 

Size 

Area 

Diam- 
eter of 
button 

Num- 
ber of 
but- 
tons 

Spac- 
ing, 
center 

to 
center 

Area 
occu- 
pied 
by  but- 
tons 

Sq.  ins. 
5.67 
4.96 
(') 
5.09 
5.09 
5.55 
3.70 
2.91 
4.23 

Per 
cent: 
of  tot 

ares 

L 

T 

8  by  1? i 6  inches... 

6  by  1  inches 

6  by  Js  inches 

8  by  His  inches. . . 

6  bv  1  inches 

6  by  li,  inches 

8  by  lMe  inches... 

6  bv  1  inches 

6  by  H  inches...  . 

Sq.  ins. 
12.84 

9.31 
10.  06 
12.84 

9.31 
10.  06 
12.84 

9.31 
10.06 

Inches 
0.95 
.95 
.95 
.76 
.76 
.76 
.58 
.58 
.58 

8 

7 

CO 
11 
11 

12 
14 
11 
16 

Inches 

m 

o 
i 

Vn 

% 
n 

l-Mr, 

E... 
L 

0) 

T 
E ... 

L 

T 

E... 

1  The  letter  E  in  this  series  did  not  admit  the  large  button. 

complete  data  and  the  350-foot  station  for  confirm! 
tory  data  on  the  0.95-inch  button  only. 

In  the  night  observations  on  signs  equipped  wit 
buttons  the  ground  color  was  not  considered  especial] 
important,  and  was  not  used  as  a  factor. 

The  general  average  percentages  of  correct  reading 
for  the  four  signs  used  in  these  observations  are  show 
in  figure  10.     At  200  feet,  the  general  averages  of  co 


so 

60 
40 
EO 

- 

;n  O  76  INCH 

size  of  buttons 
distance:  from  observer 


O  58  INCH 


200  FEET     L 


350   FEET      E7\^ 


..'  '  '  \N 


300   FEET      F_ 


-J  average      111    MM';    MM  I  III 


Figure  10. — Night  Observations  on  Luminous  Sign 
Average  Percentages  of  Correct  Readings  for  Di 
ferent  Sizes  of  Button. 

rect  readings  of  the  four  signs  and  for  all  time  period 
are:  On  the  0.95-inch  button  74  percent  correct;  o 
the  0.76-inch  button  88  percent  correct;  and  on  tr 
0.58-inch  button  58  percent  correct. 

At  300  feet,  the  results  are  as  follows:  On  the  0.91 
inch  button  39  percent  correct;  on  the  0.76-inch  butto 
54  percent  correct;  and  on  the  0.58-inch  button  42  pe: 
cent  correct. 

At  these  distances  the  0.76-inch  button  is  apparentl 
the  most  efficient.  Several  observers  intimated  that  tt 
reflection  from  the  0.58-inch  button  dispersed  in  such 
manner  as  to  make  the  word  illegible.  On  the  oth( 
hand  the  small  button  was  noted  to  be  particular! 
brilliant,  and  thus  a  great  measure  of  signal  value  c 
attention   arresting  attraction  may  attach  to  its  us< 
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The  large  0. 95-inch  button  lias  an  advantage  over  the 
smallest  button  at  200  feet  but  at  300  feel  the  condition 
is  reversed  and  probably  can  be  attributed  to  the  fact 
that  at  the  greater  distance  glare  on  the  0.58-inch  hut  tun 
proportionately  decreased.  Observers  also  intimated 
that  the  0.95-inch  button  lacked  in  brilliancy  when  com- 
pared with  the  other  two. 

Figure  11  gives  the  detailed  data  for  each  time  period 
and  size  of  letter.  Table  12  gives  the  same  material  in 
tabular  form  for  the  200- and  300-foot  stations. 

Table  12. — Night  observations  on  luminous  signs;  averagt  p<  '< 
age  of  correct   readings  by  lime   period   with   different   s 
■!or  button 

AT  200  FEET 


Si/e  of  letter 

I'lllIC 

inten  al 

Perce.nl 

- 

inch 
buttons 

0.76- 

men 

buttons 

0.58 

inch 

bill  Ions 

SLOW...   

STOP 

8  by  Pir,  inches 

6  bv  1  inches - 

Seconds 
1.0 

.  8 

.6 

.  6 

81 
81 
81 

56 

01 
<.'i 
88 
88 
81 
ss 

fifl 

id 

TURN 

CURVE 

&  inches 

II 

STOP 

R2 

SLOW      

-  1             aches.- 

i  2 

AT  300  FEET 


SLOW 8  by  l3fa  inches. 


STOP 
TURN 

CURVE 
STOP.. 
SLOW.. 


6  by  1  inches. 
6  by  1  inches. 

6  by  ■  »  inches 

6bj   i  inches 

8  by  l  ;u.  inches. 


1.0 

60 

85 

.8 

30 

60 

.  6 

35 

15 

.  6 

35 

45 

35 

35 

The  two  readings  at  the  0.6-second  period  were  taken 
to  check  accuracy.  The  stroke  of  letters  in  CURVE 
is  narrower  than  in  STOP  and  the  word  itself  has  a  more 
crowded  appearance  and  is  more  difficult  to  read  unless 
the  meaning  is  suggested  by  using  the  direction  arrow. 
As  in  the  case  of  the  TURN  sign,  the  letters  R  or  L  were 
frequently  substituted  for  the  direction  arrow  as  an 
additional  check.  The  width  of  stroke  of  letters  in  the 
CURVE  sign  is  too  narrow  to  admit  the  large  button. 

These  tabulations  confirm  deductions  made  from  the 
general  averages  but  it  is  especially  interesting  to  note 
the  apparent  efficiency  of  the  0.76-inch  button  at  200 
feet.  With  the  8-inch  letter  of  the  SLOW  sign  at  1.0 
second,  the  readings  were  94  percent  accurate  and  at 
0.5  second  on  the  same  sign  this  had  decreased  by  6 
percent.  In  the  case  of  the  0.95-inch  button  the  de- 
crease was  25  percent.  With  the  0.58-inch  button  t  here 
was  an  increase  of  18  percent  between  the  readings  of  the 
congested  lettering  in  the  CURVE  sign  at  0.6  second 
and  the  more  open  lettering  on  the  STOP  sign  at  the 
same  interval.  This  wide  difference  also  occurs  at  the 
300-foot  station  and  apparently  justifies  the  assump- 
tion that  legibility  is  greatly  impaired  by  glare.  The 
pattern  on  the  word  CURVE}  contributes  largely  to 
this  feature. 

At  the  350-foot  station  the  average  of  correct  obser- 
vations of  the  0.95-inch  button  fell  off  to  35  percent  and 
it  was  not  considered  worth  while  to  increase  the  num- 
ber of  observations  or  to  go  to  greater  distances.  Se\  - 
eral  signs,  however,  were  carried  hack  to  450,  500,  and 
600  feet  to  ascertain  signal  value,  disregarding  time 
period  for  readability  of  the  legend.  The.  distinct 
brightness  of  the  0.58-inch  button  was  again  noted  to 
a  degree  not  obtained  with  either  of  the  larger-sized 
buttons. 


SLOW  STOP  TURN  CURVE  STOP  SLOW 


"  fa  6-1 


.'," 
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350-FOOT  STATION  -  O  95-INCH   BUTTON  ONLY 
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Figure  11.  Night  Obsera  itions  on  Luminous  Sic 
tailed  Percentages  of  Correct  Readings  for  1' 
-    ins,  Time  Intervals,   vnd  Sizes  of  Button. 
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LONG-RANGE  IDENTIFICATION   ASSISTED   BY   OUTLINING   MARGIN 
OF  SIGN   WITH  REFLECTOR  BUTTONS 

At  these  distances  observations  were  also  made  of 
signs  outlined  by  inserting  0.95-inch  buttons  in  the 
margin  as  shown  in  figure  12.     The  shapes  thus  out- 


Figure  12. — Signs  with   Margins  Outlined  by  Reflector 

Buttons. 

lined  were  distinctly  visible  and  could  readily  be  de- 
scribed at  all  distances  up  to  600  feet  or  more.  At 
extreme  distances,  however,  some  observers  confused 
the  octagon  with  the  circular  railroad  sign.  The  char- 
acteristic difference  in  the  illuminated  outlines  of  these 
signs  is  the  luminous  cross  bar  carried  on  the  railroad 
disc.  Apparently  this  feature  was  noted  by  some 
observers  and  to  that  extent  assisted  in  accurate  differ- 
entiation. To  other  and  presumably  less  acute  ob- 
servers the  luminous  outlines  presented  no  material 
difference  at  distances  greater  than  500  feet.  For 
long-range  identification  of  a  warning  sign  at  night,  the 
definition  of  shape  by  marginal  installations  of  reflecting 
buttons  has  much  to  recommend  it. 

The  idea  of  attributing  special  significance  to  the 
shape  of  the  sign  plaques  was  one  of  the  first  considera- 
tions in  the  design  of  standard  highway  signs  adopted 
by  the  American  Association  of  State  Highway  Officials. 
Obviously  rapid  and  perhaps  subconscious  recognition 
of  the  sign  warning  by  this  method  is  largely  a  matter 
of  education  of  the  driving  public.  It  is  believed, 
however,  that  the  indication  of  potential  hazards  exist- 
ing on  the  highway  as  shown  by  a  series  of  differently 
shaped  signs  will  more  readily  appeal  to  the  average 
road  user  than  will  a  series  of  symbols  such  as  has  been 
recommended  in  some  of  the  codes  adopted  by  foreign 
governments  and  suggested  for  international  usage. 
Outlining  the  shape  of  the  sign  by  reflecting  buttons  for 
night  use  undoubtedly  merits  further  investigation  than 
the  limited  scope  afforded  by  these  tests. 

RURAL  AND  CITY  DRIVING  CONDITIONS  COMPARED 

The  night  observations  described  up  to  this  point 
were  taken  under  full  headlight  illumination  which  at 
200  feet  was  0.2  foot-candle  on  the  sign  and  at  300 
feet  was  0.1  foot-candle.  Every  effort  was  made  to 
obtain  actual  rural  road  driving  conditions.  Surround- 
ing street  lights  were  extinguished  and  window  lights 
from  adjacent  buildings  were  screened. 

The  investigation  would  not  have  been  complete 
without  an  attempt  to  compare  rural  with  city  driving 
and  to  this  end  lights  in  adjacent  buildings  and  street 
lights  were  turned  on,  and  the  headlights  were  dimmed. 
Observations,  however,  were  restricted  to  the  300-foot 
station  and  four  observers  made  136  observations 
with    the   following   results.      Readings   on    the   0.95- 


inch  button  were  35  percent  correct,  on  the  0.76-incl 
button  63  percent  correct,  and  on  the  0.58-inch  buttor 
81  percent  correct.  In  figure  13  these  results  an 
compared  with  those  obtained  at  the  300-foot  statior 
under  rural  driving  conditions  (full  headlights). 

Attention  is  particularly  called  to  the  increased 
efficiency  of  the  small  button  under  the  city  driving 
conditions.  An  appreciable  increase  is  also  found  ir 
the  0.76-inch  button.  This  is  probably  due  to  the 
absence  of  glare  under  subdued  lights  or  to  the  in- 
fluence of  the  extraneous  lighting  combining  with  the 
headlight  beam. 
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Figure  13. — Night  Observations  on  Luminous  Signs:  Com- 
parative Readability  of  Signs  Under  City  and  Rurai 
Driving  Conditions  at  300-foot  Station. 

daylight  observations  of  signs  equipped  with  reflecting 

BUTTONS 

Responsible  manufacturers  have  laid  great  stress 
upon  the  reflecting  values  of  their  individual  products 
and  arguments  in  favor  of  this  or  that  design  have 
invariably  emphasized  advantages  of  brilliancy  of  the 
reflected  beam,  breadth  of  the  angle  of  reflection 
focal  length,  and  other  special  characteristics  of  de- 
sign, but  have  not  considered  their  effect  on  the  day- 
light legibility  of  the  sign  wording.  It  is  recognized 
that  many  of  the  hazards  inherent  in  a  roadway, 
such  as  abrupt  curvature,  road  intersections,  railroad 
grade  crossings,  etc.,  readily  seen  in  daylight,  require 
adequate  sign  protection  at  night.  This  condition 
however,  should  not  operate  to  minimize  the  daylight 
values  of  the  warning  signs.  The  tests  on  signs 
equipped  with  buttons  were,  therefore,  extended  tc 
cover  daytime  observations  of  the  SLOW,  STOP 
TURN,  and  CURVE  signs  at  distances  from  200  tc 
400  feet.  Black  letters  on  yellow  background  and 
white  letters  on  black  background  only  were  used. 

Twenty-nine  observers,  of  whom  9  w<ere  female  and 
20  male,  made  a  total  of  2,098  observations. 

Figure  14  gives  the  percentages  of  correct  readings 
in  daylight,  at  distances  from  200  to  400  feet,  for  signs 
equipped  with  the  three  sizes  of  button.  For  purposes 
of  comparison,  the  average  percentages  obtained  at 
these  distances  with  daylight  signs  having  the  same 
backgrounds  (black  on  yellow  and  white  on  black)  are 
also  plotted  in  this  figure.     Table  13  gives  the  com- 
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parative  data  in  tabular  form.     Detailed  data  for  the 
various  distances  are  given  in  figure  15. 

Table  13. — Comparative  readability  of  luminous  and  nonlumii 
signs  under  daylight   conditions;  average   percentages   of  correct 
'Hidings  at  each  station  for  both  black  on  yellow  and  while  on 
black 


Percentage  of  correct  readings 

At  200 
feet 

At  300 
feet 

At  350 
feel 

At   100 
feet 

92 

64 

65 

68 
63 

70 
31 
25 

27 

I  ; 

095-inch  buttons 

0  76-inch  buttons 

30 

0.58-inch  buttons 

The  percentages  for  the  daylight  signs  were  obtained 
from  observations  made  in  relatively  bright  sunlight 
during  the  summer  months,  whereas  observations  for 
the  button-equipped  signs  were  made  in  January  with 
the  sky  overcast  during  a  portion  of  the  time.  At  the 
350-foot  station,  observations  were  made  during  heavy 
snowfall,  which  probably  accounts  for  the  abrupt  falling 
off  in  the  percentages  computed  for  that  station.  A1 
the  initial  station  (200  feet),  however,  atmospheric 
conditions  affecting  visibility  were  the  same  at  both 
periods  of  observation  and  it  is  interesting  to  note  that 
with  approximately  49  percent  of  the  area  of  the  black 
letters  occupied  by  the  buttons,  the  legibility  materially 
decreased.  A  tabulation  of  the  detailed  data  for  the 
200-foot  station  is  given  in  table  14. 

Table  14. — Comparative  readability  of  luminous  and  nonluminous 
signs  under  daylight  conditons  at  200  feet 


Time 
inter- 
val 

Percentage  of  correct  readings 

Sign 

With- 
out 
but- 
tons 

With  buttons 

0.95- 
inch 

0.76- 
inch 

0.58- 
inch 

SLOW 

Seconds 
1.0 
.8 
.  7 
.6 
.6 

94 

98 
87 
87 
92 

81 
08 
68 

41 

94 

87 
56 
50 

75 

94 

STOP 

81 

TURN 

62 

CURVE 

38 

STOP 

6 

Increase  in  legibility  of  the  STOP  sign  at  0.6  second 
over  the  CURVE  sign  for  the  same  period  may  be 
attributed  to  the  wider  stroke  and  more  open  distribu- 
tion of  the  letters  in  the  STOP  sign. 

Table  15  gives  the  comparative  data  for  the  300-fool 
station. 

Table  15. — Comparative  readability  of  luminous  and  nonluminous 
signs  under  daylight  conditions  at  300  feet 


Time 

inter- 
val 

Percentage  of  correct  re 

Sign 

With- 
out 
but- 
tons 

With  buttons 

inch 

0.76- 

inch 

SLOW 

Seconds 
1.0 

.8 
.  7 
.6 
.6 

81 
76 
59 
U 
66 

75 
75 

67 

86 

67 
41 
46 
71 

STOP 

TURN 

(tin  E 

STOP 

200  300  4OO 

DISTANCE  FROM  OBSERVER  IN  FEET 

SIZE  OF  BUTTONS 

o  95  inch  0  76  inch 0  53  inch 

no  buttons  

Figure  14. — Comparative  Readability  of  Luminoi  s  and 
Nonluminous  Skins  under  Daylight  Conditions;  Average 
Percentages  of  Correct  Readings  at  Each  Station  for 
Both  Black  on  Yellow  and  White  on  Black. 

The  visibility  of  the  button-equipped  signs  at  this 
station  was  considerably  lessened  by  overcast  or  cloudy 
sky  but  the  consistency  of  the  results  with  the  com- 
parisons at  200  feet  (table  14)  should  be  noted. 

The  data  for  the  350-  and  400-foot  stations  arc  given 
in  table  16.  At  the  350-foot  station  observations  of 
the  button-equipped  signs  were  made  during  a  severe 
snow  storm.  Comparison,  therefore,  with  tin'  results 
obtained  during  bright  sunlight  from  daylight  signs  will 
not  form  a  basis  for  definite  conclusions.  The  observa- 
tions made  under  the  differing  atmospheric  conditions, 
however,  are  decidedly  interesting. 

Table    16. — Comparative    readability    of   I  .mi- 

nous  signs  under  daylight  conditions  at  feet 


SiL'ii 

Time 

interval 

Percentage  of  correct  readings 

1  listance 
from  ob- 
server 

With- 
out but- 
tons 

With  bul 

ii  95-inch 

Feet 

(SLOW 

Seconds 

l.o 

.8 
.  7 
.  6 
.  6 
1.0 
.8 
.7 
.6 
6 

77 

63 
67 

41 

59 
34 

21 

2s 
11 

HI 
25 
3 

22 

STOP.  . 

33 

350 

Tl  UN 

11 

CURVE 

14 

(STOP 

21 

16 

8 

(SLOW 

'  1 

STOP 

27 

100 

TURN.. 

3 

\cvn\  i: 

11 

[s  i  OP 

The  conditions  of  visibility  al  the  400-fool  station 
were  similar  during  the  observations  on  both  the  button 
equipped  and  the  unequipped  signs;  and  the  decreased 
efficiency,  particularly  for  the  0  7-second  period,  can  be 
attributed  directly  to  the  lack  of  contrast  between  the 
letters  and  sign  background  due  to  the  hut  ton-. 
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Figure   15. — Comparative  Readability  ok  Luminous  and  Nonluminous  Signs  under  Daylight  Conditions:   Detailed  Per 
centages  of  correct  readings  for  different  slgns,  tlme  intervals,  and  slzes  of  button. 


<  OMPARISON    MADE    OF    RELATIVE    LEGIBILITY    OF    BLACK     AND 
WHITE  LETTERS  WHEN  EQUIPPED   WITH  REFLECTING  BUTTONS 

Reference  to  table  1 1  in  which  are  shown  the  percent- 
ages  of  the  superficial  areas  of  the  letters  L,  T,  and  E 
occupied  by  buttons  of  different  diameter,  suggests  the 
desirability  of  comparing  the  readability  in  daylight  of 
black  and  white  letters  when  equipped  with  reflector 
buttons.  The  figures  and  tables  which  follow  give  com- 
parisons of  percentages  of  correct  readings,  for  legibility 
only,  of  signs  with  yellow  background  and  black  letters 
and  those  with  black  background  and  white  letters. 
Figure  16  shows  the  variation  of  legibility  with  the  dis- 
tance from  the  observer.  In  the  first  panel  of  figure  17 
the  average  values  for  each  type  of  sign  and  each  time 
interval  used  are  given.     The  remaining  panels  of  figure 


17  give  the  detailed  data  for  each  station.  Table  1' 
gives  general  averages  for  all  distances,  signs,  and  tim< 
periods. 

Table   17. — Comparative  legibility  of  letters  equipped  with  reflector 


Size  of 
button 


Inches 
0.95 


.76 

.58 


Color  combination 


/Black  on  yellow 
(White  on  black. 
/  Black  on  Yellow 
\Whiteon  black. 
f  Black  on  yellow 
\White  on  black. 


Percent- 
ase  of 
correct 

readings 


September  1933 


PUBLIC    ROADS 


1 25 


BLACK  ON 


WHITE  ON  !■■ 


80 


^       20 


£ 

^\ 

\ 
\ 

\ 

__  __0 

<k 

vv 

<[— — -j: 

•n.                                    __< 

H> 

\  \ 

\  \ 

\  \ 

\  \ 

\  *\ 

\  \ 

\  \\ 

s     H"~^ 

\   c 

\          "    ^fc-w^'l 

\ 

V 

If) 
8o    <£ 


60 


400  200 

DISTANCE  FROM  OBSERVER  IN  FEET 


40 


400 


SIZE  OF  BUTTONS 


O  58  INCH 


Figure  16. — Comparative  Readability  under  Daylight  Conditions  of  Black  and  White 
Letters  When  Equipped  with  Reflector  Buttons  of  Varying  Diameters;  Variation 
with  Distance  from  Observer. 


The  differences  in  these  averages  arc  seen  to  lie 
negligible  and  if  we  make  the  comparison  station  by 
station  we  obtain  the  extremely  close  check  shown  in 
table  18  and  figure  1G. 

Table  18. — Comparitiv  readability  at  various  distances  under 
daylight  conditions  of  black  ami  white  letters  equipped  villi 
reflecting  buttons 


Distance 

Color  combination 

Percentage  of  correct  readings 

from 
observer 

0.95-inch 
button 

o  r6-inch 
button 

ii  58-inch 
button 

Feet 

200 

1  Black  letter 

52 
57 
71 
66 
28 
34 
21 
21 

69 
79 
68 
59 
28 

32 
29 

(White  letter 

i„; 

[Black  letter , 

66 

300 

1  White  letter 

68 

350 

/Black  letter 

24 

\White  letter 

10 

400 

(Black  letter 

24 

(.White  letter.  

26 

Comparing  this  table  also  with  the  percentage  read- 
ings for  legibility  of  daylight  signs  given  in  iiirnrc  11. 
which  indicated  92  percent  correct  at  200  feet,  66  per- 
cent at  300  feet,  70  percent  at  350  feet,  and  43  percent 
at  400  feet,  we  note  that  legibility  has  been  great  l\ 
impaired  by  the  introduction  of  the  bullous  if  we  dis- 
regard the  unfavorable  atmospheric  conditions  which 
obtained  at  the  350-foot  station.  At  (he  200-foot 
station  the  0.95-inch  button  fell  oil'  from  '.»'_'  percent  to 
52  percent;  the  0.76-inch  button  to  60  percent,  and  the 
0.58-inch  button  to  65  percent.  These  arc  for  the 
black  letters.  At  the  300-foot  station  there  was  a 
slight  increase  for  the  two  larger  buttons  hut  no  change 
for  the  0.58-inch  button  is  noted.  At  the  350-foot 
station,  where  snow  fell  during  the  observations  of  the 
button-equipped  signs,  the  falling  off  for  both  the  0.95- 

;.nd  0.76-inch  button  is  from  70  to  28  percent,  and  fr 

70  to  24  percent  for  the  0.58-inch  button.  At  the  400- 
foot  station  the  decreases  are  from  43  to  21  percent 
for  the  0.95-inch  button;  43  to  32  percent  for  the  0.76- 


inch  button,  and  43  to  24  percent  for  the  0.58-inch 
button.  The  consistency  of  rise  and  fall  or  parallelism 
of  the  curves  for  the  same  button  in  the  different  colored 
letters  is  especially  interesting. 

The  firsf  panel  of  figure  17  is  likewise  interesting  in 
this  respect,  It  shows  the  average  percentage  of  cor- 
rect readings  for  legend  only  at  all  distances  broken 
down  into  time  periods  for  each  of  the  three  sizes  of 
buttons  in  black  and  in  white  letters.  Here  the  paral- 
lels are  strongly  emphasized.  The  CURVE  sign  was 
not  used  for  the  0.95-inch  button  at  the  first  0.6-second 
period. 

Finer  analyses  of  these  data  at  the  200-,  300-,  350-, 
and  400-foot  stations  are  shown  in  the  remaining  panels 
of  figure  17.  In  the  case  of  the  0.76-inch  buttons  on 
black  letters  the  STOP  sign  at  0.8  second  show-  a 
higher  percentage  than  the  SLOW  sign  at  1.0  second. 
This  reversal  may  perhaps  be  attributed  to  the  ele- 
ment of  surprise  in  (lie  initial  reading  in  the  case  of 
two  observers,  the  surprise  having  been  overcome  \<\ 
the  time  the  STOP  sign  was  read.  Between  the 
CURVE  sign  at  0.6  second  and  the  STOP  sign  at  0.6 
second,  the  readings  on  this  reflector  were  identical 
hut  with  the  large  SLOW  sign  the  white  letter  gave 
1(10  pei-cent  while  the  black  letter  fell  oil'  to  63  percent. 
These  results  do  not  substantiate  the  hypothesis  that 
a  black  letter  is  more  impaired  than  a  white  letter  by 
insertion  of  colorless  buttons.  There  is  some  indica- 
tion that  such  might  he  the  fact  at  specific  distances  and 
tor  some  of  the  time  intervals  but  evidence  that  the 
white  letter  has  a  superior  value  when  so  equipped  is 
not  preponderant.  It  ha-  been  suggested  thai  red 
buttons  should  be  substituted  for  colorless  buttons  in 
i  he  ST(  )l'  sign  on  t  he  ground  that  by  so  doing  legibility 
of  the  word  would  suller  less  impairment  in  daylight. 
Whatever  the  desirability  of  utilizing  red  buttons  in 
this  sign  for  emphasis  may  be,  their  use  should  not  be 
based  on  the  assumption  of  increased  daylight  visibility 
only,  though  red  may  have  psychological  potentialities 

as  a   mandate  to  -top. 
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Figure  17. — Comparative  Readability  under  Daylight  Conditions  of  Black  and  White  Letters  When  Equipped  wit 
Reflector  Buttons  of  Varying  Diameters;  Detailed  Data  for  Each  Sign,  Time  Interval,  and  Station. 
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Table  19. — Numh    and  spacing  oj  buttons  used  for  letter) 

of  various  standard  sizes 


SLOW 


Size  of 
buttons 

Size  of  letters 

Letter 

Spacing 
of  button  ; 

Number 
of  buttons 

Inches 

0.95 

1    w 

[* 

1    w 

\l 

1    w 

Inches 

1', 

1', 
1 
1 
1 

■,,, 

n 
8 

.76 

1 1 
h 

I 
11 



do _ _. 

is 
24 

08 

.58 

21 

11 

STOP 


CURVE 


TURN 


.95 

6  by  1  inch     ..  

1     s 
T 

1      ° 
1      P 

I    s 

T 

1      ° 
1      P 

II 

IMa 

1'. 

1  )  l  6 

7A 
'Me 

'Me 

16 

do 

14 
12 

19 

.  76 

is 
1! 

do 

18 
15 

62 

.58 

20 

11 

17 

68 

(      c 

l» 

12 

H 

H 

11 

.76 

It 

17 

V 

% 

12 

I      E 

12 

(    c 

'■> 

14 

U 

17 

.58 

do 

\      R 
V 

H 

19 

15 

1      E 

16 

81 

.95 

11 

1      N 

1      T 

1 

1      " 

1      N 

1      T 
U 

1      K 

N 

Hie 
l  ■'•  I  0 
IMe 

1 

l 
1 

7 
11 
13 
13 

do 

do 

.7', 

13 

15 
16 

.58 

17 

.'I 

reflecting  units,  li  was,  however,  found  impracticable 
.•it  this  time  to  consider  the  method  of  backing,  mount- 
ing, or  geometric  shapes  of  the  reflectors  because  such 
investigations  would  involve  reconstructing  all  test 
letters  with  buttons  from  each  of  a  dozen  or  more  re- 
sponsible manufacturers  and  repeating  all  tests  for  each 
of  the  differenl  commercial  products.  A  complete  set 
of  letters  and  symbols  requires  approximately  2,000 
reflector  buttons.  As  indicated  in  this  report,  the 
prime  consideration  was  to  tesl  the  personal  acuity  of 
the  average  road  user  and  the  effect  of  a  reflecting  unil 
on  the  legibility  of  the  sign  message.  The  product  of 
but  one  manufacturer  was  selected  as  representative  of 
the  industry.  Because  of  this  fad  tests  can  be  dupli- 
cated and  the  results  of  this  investigation  checked 
without  introducing  .any  variables  not  now  considered. 
Moreover,  tests  of  the  character  and  quality  of  the 
materials  used  for  metallic  backing  and  method  of 
sealing  the  reflector  in  its  housing  would  involve  ex- 
posure to  the  weather  over  a  long  period  of  lime  and 
definite  conclusions  could  not  he  arrived  at  unless  such 
exposure  could  he  made  in  rural  as  well  as  congested 
urban  areas,  and  the  effect  of  gaseous  contamination 
ascertained. 

SPACING  OF  BUTTONS  DISCUSSED 

In  spacing  the  individual  reflecting  buttons  in  a  letter 
the  first  consideration  obviously  is  clear  definition  of 
the  letter,  and  this  in  turn  depends,  apparently,  not  so 
much  on  the  optical  diameter  and  spacing  of  the  unit 
as  upon  factors  which  ma\  cause  a  merging  of  parallel 
lines  in  such  a  way  as  to  render  the  pattern  indistinct 
or  increase  the  glare  to  a  point  where  the  word  cannot 
be  recognized,  resulting  in  the  sign  having  what  has 
been  termed  an  arresting  or  signal  value  only.  This 
phase  is  apparent  in  the  percentages  tabulated  and 
plotted  and  particularly  so  where  the  use  of  the  bent 
arrows  in  the  CURVE  and  TURN  signs  tended  to 
suggest  to  the  observer  the  meaning  without  his  being 
able  to  read  the  wording  correctly. 

Table  19  shows  the  number  of  units  required  for  each 
letter  and  their  spacing  center  to  center,  and  figure  L8 
shows  the  general  arrangement  of  the  units  in  the 
letters  S,  R,  and  O.     Table  I'd  shows  the  number  and 

Table  20. — Number  and  spacing  of  reflector  buttons  used  in  }>ent 
arrows  for  STOP  mid  SLOW  signs 


Width  ni 
:n  row 

Spacing  of  buttons 

Number  of  butto 

buttons 

Stem 

Head  ''In itei 

Head 

Inches 
0  0 

Inches 
2» 

Inches 

IK 

n 

1                13 

1!                  Ill 

• 

11                                24 

STRUCTURAL  CHARACTERISTICS  OF  BUTTONS  NOT  STUDIED 

The  resolution  of  the  American  Association  of  State 


Highway  Officials  covered  investigation  o 

as  well  as  the  spacing  .and  optical  diameters  of  the    the  tests  were  made 


-pacing  of  the  buttons  for  the  bent  arrows  used  in  the 
TURN  and  CURVE  signs.  It  is  believed  that  in  these 
the  minimum  number  of  units  that  will  adequately  out- 
line the  letter  is  not  exceeded  and  any  attempt  to  reduce 
the  number  of  reflectors  in  the  interest  of  economy 
should  not  be  permitted,  because  of  the  liability  of  a 
driver  confusing,  lor  instance,  an  ill-defined  X  with 
1 1  or  .an  ill-defined  S  w  ith  t  lie  figures  8  and  2. 

(  <>\<  LI  SIONS  SI   MM  1RIZED 

In  summing  up  the  foregoing  the  various  phases  of 

I   focal  lengths     the  investigation  will   be  treated  in   the  order  in   winch 
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Figure   IS. — Arrangement  of   Reflector   Buttons  in  Let- 
ters S,   R,  and  O. 

The  first  phase  involved  determination  of  the  relative 
values  of  the  ground  colors  and  the  legibility  of  the 
respective  legend  colors  and  design.  All  evidence  de- 
duced and  analyzed  points  to  the  definite  conclusion  that 
(lie  standard  yellow  background  with  black  design 
color,  under  all  conditions  which  might  reasonably  be 
expected  to  obtain  on  either  a  city  street  or  upon  a  rural 
highway,  is  much  superior  to  black  on  white  or  white 
on  black.  Not  only  has  this  been  demonstrated  to  be 
true  as  to  readability  of  the  legend  but  the  yellow  back- 
ground is  more  arresting  to  the  average  observer,  is 
more  conspicuous  by  contrast  with  the  average  natural 
or  artificial  background,  and,  therefore,  has  a  greater 
signal  value  than  the  other  backgrounds  or  combina- 
tions. Moreover,  by  adopting  a  definite  shade  and 
hue,  such  as  is  covered  by  the  specifications  of  the 
American  Association  of  State  Highway  Officials  in 
rule  53  of  the  sectional  committee  on  colors  for  traffic 
signals  of  the  American  Standards  Association,  it  may 
be  possible  by  legislative  act  or  otherwise  to  prohibit  the 
use  of  this  distinctive  shade  for  advertising  or  for  pur- 
poses other  than  official  road  signs  upon  the  highways 
controlled  by  State  or  other  properly  constituted 
authorities.  Obviously  it  would  be  difficult  to  obtain 
restrictive  legislation  for  black  or  white  backgrounds. 

The  investigation  of  the  effect  of  headlights  or  local 
illumination  such  as  street  lights  upon  the  signs  not 
equipped  with  reflecting  units  was  not  in  any  way  con- 
clusive. When  some  of  these  observations  were  made 
the  ground  was  covered  with  snow,  of  which  there  were 
several  piles  immediately  adjacent  to  the  line  of  sight, 
and  conceivably  this  condition  will  obtain  for  several 
months  in  the  year  over  a  large  area  of  the  country. 
Such  conditions  emphasize  the  inadequacy  of  the  day- 
light signs  at  night. 

With  respect  to  the  use  of  reflecting  units,  there  are 
two  points  to  be  considered  which  in  a  degree  appear  to 


conflict.  In  urban  areas  there  is  usually  a  great  deal 
of  illumination  from  street  lights,  electric  signs,  and 
other  sources  falling  on  the  sign;  and  local  regulations 
may  require  that  headlights  be  dimmed  or  depressed. 
These  conditions  do  not,  as  a  rule,  obtain  on  rural 
highways.  In  city  driving  speeds  are  relatively  slower 
and  clear  perception  of  the  sign  message  is  more  readily 
had  than  on  rural  highways.  In  view  of  these  con- 
siderations, the  conclusion  is  forced  that  the  colorless 
button  with  a  diameter  of  0.76  inch  with  a  minimum 
spacing  of  1  inch,  center  to  center,  is  the  most  efficient. 
This  is  notwithstanding  the  large  increase  in  the 
efficiency  of  the  0.58-inch  diameter  button  with  dim 
headlights  over  the  same  button  with  full  headlights; 
For  rural  use  the  small  button  apparently  has  a  superior 
long-range  signal  value  but  is  less  readable  than  the 
unit  of  larger  diameter. 

The  effect  on  distinctness  in  daylight  of  inserting 
reflecting  buttons  in  the  letters  has  been  gone  into 
exhaustively.  As  indicated  by  the  tests,  the  effect  of 
such  insertions,  even  though  approximately  50  percent 
of  the  superficial  area  of  the  letter  is  taken  up  by  the  use 
of  colorless  units,  is  not  serious  at  200  feet  and  the 
difference  between  black  and  white  letters  is  negligible. 

The  recognition  by  the  road  user  of  the  existence  of  a 
potential  hazard  by  the  shape  or  outline  of  the  sign 
plaque  alone  has  been  briefly  touched  upon  and  the 
idea  is  susceptible  of  further  development.  Par- 
ticularly is  this  true  in  view  of  the  trend  toward  the  use 
of  s}mibols.  The  use  of  symbols,  except  for  the  arrows 
indicating  curve  or  direction,  is  not  considered  as 
effective  as  outlining  the  sign  with  buttons.  At  night 
the  road  user  can  best  be  warned  at  long  ranges  against 
such  hazards  as  may  exist  at  narrow  bridges,  highway 
intersections,  and  other  places  in  this  category  by 
clearly  defining  the  shape  of  the  plaque  with  reflecting 
units.  Having  been  so  warned  he  will  be  able  to  read 
the  character  of  the  hazard  at  200  feet  or  well  within 
braking  distance  for  a  car  traveling  at  tin1  maximum 
authorized  speed.. 

These  investigations  had  to  do  exclusively  with  the 
reactions  of  the  average  road  user  to  the  sign  mes- 
sages as  measured  by  the  tachistoscope.  No  account 
has  been  taken  of  the  technical  details  of  construction 
of  the  reflecting  units,  composition,  refraction  coefli- 
cients,  or  other  optical  properties  of  the  glass;  every 
effort,  on  the  other  hand,  was  made  to  simulate  actual 
driving  conditions.  Maximum  personal  response  to 
the  warning  is  the  ultimate  consideration  in  sign  design 
and  it  is  not  believed  that  optical  analysis  or  other 
technical  tests,  however  exhaustive,  can  measure  this 
response.  In  the  foregoing  tests,  121  individuals  were 
used  as  observers  and  these  made  a  total  of  7,710  sep- 
arate observations  involving  about  12,000  items.  These 
observers  represent  a  fair  cross  section  of  the  potential 
car-driving  public.  A  number  of  them,  however,  had 
not  received  driving  permits  and  were  not  car  drivers. 
The  gamut  of  education  and  personal  intelligence  was 
wide.  A  number  of  observers  were  furnished  through 
the  cooperation  of  the  American  Automobile  Associa- 
tion, which  in  turn  enlisted  the  aid  of  the  local  employ- 
ment bureau.  As  indicated  in  the  text,  both  males 
and  females  were  used.  Observations  were  made  under 
the  varied  weather  and  seasonal  conditions  obtaining 
in  the  District  of  Columbia,  and  the  results  of  the  in- 
vestigation may  be  taken  as  representative  of  the  com- 
parative visibility  of  the  signs  throughout  the  country 
as  a  whole. 
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THE  EFFECT  OF  VIBRATION  AND  DELAYED 
FINISHING  ON  PAVEMENT  SLABS 

Reported  by  F.  H.  JACKSON.  Senior  Engineer  of  Tests,  and  W    K    KELLERMANN,  Associate  Materials  Engineer,  Division  of  Tests.  United   Si  atea  Bureau  of 

Public  Roads 


IN  THE  August  L931  issue  of  Public  Roads  there 
was  published  a  report  describing  the  results  of  an 
investigation  conducted  by  the  Bureau  of  Public 
Roads  to  determine  the  effect  of  certain  controllable 
variables  on  the  quality  of  pavement  concrete.  The 
test  procedure  used  in  this  work  differed  from  the  con- 
ventional laboratory  investigation  in  that  observations 
and  tests  were  made  on  actual  pavement  sections, 
placed  and  finished  under  working  conditions,  rather 
than  on  small-size  test  specimens.  In  this  way  it  was 
possible  to  measure  the  effect  of  variations  in  work- 
ability by  studying  the  quality  and  uniformity  of  the 
concrete  in  the  finished  structure  rather  than  by  at- 
tempting to  investigate  this  indefinite  property  through 
the  use  of  some  arbitary  laboratory  test  such  its  How. 
penetration,  etc. 

SLUMP  NOT  LESS  THAN    2    INCHES    REQUIRED    IN    PRESENT    CON- 
STRUCTION  METHODS 

In  the  tests  which  have  already  been  reported  a 
study  was  made  of  the  effect  of  varying  the  quantity 
of  coarse  aggregate  in  the  mix  for  various  types  and 
irradings  of  coarse  aggregate  and  for  various  consisten- 
cies. The  concrete  was  mixed  and  placed  in  accord- 
ance with  accepted  construction  practice,  which  in- 
cluded finishing  by  the  use  of  the  conventional  type  of 
power-driven  screeds,  with  and  without  tamper  attach- 
ment. These  initial  tests  developed  certain  informa- 
tion of  value.  For  instance,  it  was  quite  definitely 
determined  that  with  the  methods  of  machine  finishing 
now  commonly  employed  a  consistency  corresponding 
to  a  slump  of  at  least  2  inches  must  be  used  if  honey- 
comb is  to  be  avoided.  Of  course,  such  a  concrete 
does  not  have  as  high  a  potential  strength  and  density 
as  a  somewhat  drier  mix.  Actually,  however,  it  was 
found  that  both  strength  and  uniformity  were  im- 
proved by  the  use  of  the  wetter  consistency.  This 
result  is  explained  by  the  fact  that  the  segregation  and 
honeycombing  which  accompanies  the  use  of  the  drier 
mix  actually  tends  to  lower  the  strength  of  the  pave- 
ment slab  to  a  point  considerably  below  the  strength 
which  would  be  expected  theoretically  from  the  water- 
cement  ratio  strength  law.  This  means  that  under 
our  present  construction  practice  concretes  mixed  in 
the  proportions  used  in  paving  work  and  with  normal 
aggregates  are  not  "workable"  as  paving  mixes  if  the 
slumps  are  less  than  2  inches.  In  other  words,  it  is 
not  possible  to  take  advantage  of  the  higher  strength 
and  density  which  should  accompany  the  use  of  a  lower 
water  content  than  is  required  to  give  a  2-inch  slump. 

DEVELOPMENT  OF  METHODS  FOR  USING  DRIER  MIXES  OBJECTIVE 
OF  INVESTIGATION 

A  realization  of  this  fact  led  naturally  to  a  consider-     ftS^^6^^*1!? 
ation  of  methods  of  placing  which  would  permit  the  use    pecantation loss, perceni 

.    ,    .  .  .    ,        '  S1..     .  i  ...  voids,  percent  • 

oi  drier  mixes  without  sacrificing  strength  or  unilorniit  \     wear,  perceni 
of  strength.     The  use  of  vibratory  screeds  for  this  pur- 
pose   presented    interesting    possibilities    and    it     was 
decided  to  continue  the  experiments  using  a  standard 


finishing   machine   equipped    with    vibrators   mounted 

directly  on  the  screeds.  The  present  paper  discusses 
the  results  of  these  tests,  as  well  as  another  series  in 
which  a  method  of  removing  excess  water  from  the  con- 
crete after  it  v,  as  deposited  on  the  subgrade  was  investi- 
gated. It  will  be  noted  that  in  both  cases  the  ultimate 
object  was  the  same;  that  is,  the  production  of  a  pave- 
ment slab  of  uniform  quality  with  a  lower  net  water 
content  and  consequently  higher  strength  and  greater 
density  than  would  be  possible  with  a  standard  finishing 
machine. 

For  the  purpose  of  discussion  the  two  series  of  tests 
are  treated  separately,  the  results  obtained  by  the  use  of 
vibrators  (series  A)  being  presented  first.  This  portion 
of  the  report  is  followed  by  a  discussion  of  the  tests 
which  involved  the  principle  of  delayed  finishing  for 
the  purpose  of  removing  excess  water,  otherwise  known 
its  the  Johnson  method  (series  B).  In  both  cases  the 
general  testing  procedure  outlined  in  the  report  of 
August  193]  was  followed,  except  1  lint  the  finishing 
operations  were  carried  out  in  each  case  as  indicated  in 
detail  below.  The  slabs  were  cast  on  the  bare  subgrade, 
whereas  in  the  former  tests  the  subgrade  was  covered 
with  tar  paper  before  placing  the  concrete. 

The  same  general  types  of  crushed  limestone,  gravel 
and  blast-furnace  slag  were  used  as  coarse  aggregate. 
However,  in  the  tests  reported  herein  the  aggregates 
were  used  in  two  separate  sizes  only  instead  of  three, 
;is  in  the  earlier  investigation.  Two  sands,  differing 
considerably  in  gradation,  were  also  used  instead  of 
one,  as  in  the  first  series.  In  this  way  it  was  possible, 
in  the  case  of  series  A,  to  investigate  six  combinations  of 
aggregates  varying  as  to  character  and  gradation;  that 
is,  crushed  stone,  gravel,  and  slag,  each  in  combination 
with  a  fine  sand  .and  a  coarse  sand.  Blast  furnace  slag 
was  omitted  from  the  Johnson  series  and  in  its  place  w  as 

Table   1. — Properties  of  aggregates 
SIEVE  i  ANALYSIS 


Total  retained  on  - 

Coarse 
sand 

Fine 
sand 

<  (ravel 

Crushed 
stone 

Crushed 
slag 

Platte 
River 
combi- 
nation 

Percent 

/'<  in  nl 

Perci  nl 
21 
68 

99 
100 
100 

HI 

100 
100 

Percent 
17 
76 
95 
99 
100 
100 
100 
KK) 
100 

Pirci  ill 

1 

65 

99 

iik) 
100 
100 
100 
100 

I'll  CI  III 

!  i-inch  sieve. 
;vineli  sieve.. 
No,  l  sieve. .  - 
No.  8  sieve  -  - 
Nip    It  sieve. 

No  28  sieve 
No.  18  sieve 
No,  ax)  sieve.. 

5 
24 
36 
54 
83 
96 

0 

.' 
8 
30 

96 

11 
31 
It 

Fineness  modulus 

7.8" 

68 

3.  97 
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.82 

2.  70 

2.  65 
.70 

2   10 

II    IK) 

2.  54 
1.20 

- 
.36 

2.  32 
1.  25 

37. (K) 

32.00 

10  IK) 

3  in 

13.00 
7.70 

.91 


Square  openings, 
Dry-rodded 

\i.t:i  inn  tests  conducted  in  accordant 
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substituted  a  sand-gravel  combination  conforming;  in 
grading  to  the  so-called  "Platte  River  gravel"  used  in 
Nebraska,  Kansas,  and  Iowa.  The  essential  test 
data  pertaining  to  the  aggregates  used  in  this  investi- 
gation are  given  in  table  1.  The  same  cement,  a 
standard  portland  cement  meeting  all  American  Society 
for  Testing  Materials  requirements,  was  used  through- 
out. The  proportions,  consistency,  etc.,  of  the  concrete 
for  series  A  are  shown  in  table  2  with  similar  data  for 
scries  B  in  table  3. 

Table  2. — Data  mi  mixes:  Serif*  A 
ROUND l 


Table  3 — Data  on  mixes — Series  B 

ROUND   1 


Cement 

Propor- 

factor 

Water- 

Section 
no.' 

tions  bv 

in 

cement 

Aggregates 

volume, 

sacks 

ratio 

6/6o 

Slump 

dry- 

per 

cor- 

rodded 

cubic 
yard 

rected 

I lli-lli  x 

L-S 

1:1.6:3.45 

5.9 

0.  75 

0.  75 

2X 

2-V 

1:1  6:3.45 

5.  9 

69 

.76 

1 

3-V 

1:1.6:3.45 

6.0 

.  6,5 

.  /  i 

(1 

A. 

Coarse  sand  ;i ii <  1  gravel 

4-V 

1:1.6:3.70 

5.7 

.74 

.78 

2] ., 

5-V .  - . 

1:1.6:3.95 

.74 

.80 

1'4 

16-V 

1    1  6:4.20 

5.3 

.73 

.82 

1 

7-S 

1:1.5:3.45 

6.  l 

.73 

.  77 

!''• 

8-V 

1:1.5:3  15 

6.  1 

68 

.7s 

1    .. 

9-V 

1:1.5:3.45 

6.  1 

.67 

.78 

>4 

1). 

Fine  sand  and  gravel 

10-V 

1:1.5:3.70 

5  8 

.74 

.80 

l>4 

11-V 

1:1.5:3.95 

5  i, 

.73 

.82 

1 

12-V 

1:1.5:4.20 

.72 

.85 

0 

(13-S 

1:1.9  3  30 

6.  1 

.  75 

.75 

11., 

14-V 

1:1.9:3.30 

6.2 

.  611 

.  76 

;!. 

15-V... 

1:1.9:3.30 

6.2 

.67 

76 

0 

t  '. 

i  hoarse  sand  and  stone 

16-V 

1:1  9:3  55 

:,  9 

.75 

7S 

1'., 

17-V    .  . 

1:1.9:3.80 

5.7 

.74 

81 

1'., 

1S-V 

1:1.9:4.05 

5.  ". 

71 

.83 

IX 

19  - 

1:1.7:3.30 

6.4 

.76 

.78 

P., 

20- V 

1:1.7:3.30 

6.  5 

.70 

.79 

1 

21-V-. 

1:1.7:3.30 

6.5 

68 

.79 

3  4 

1  i 

22-V... 

1:1.7    1  55 

6.  2 

.75 

.81 

1'. 

23-V 

1:1.7:3.80 

6.0 

77, 

.84 

1', 

,24-V 

1:1.7:  1.05 

5.  s 

.75 

.87 

34 

25-S 

1:2.1:3.20 

6.2 

.7:, 

.73 

2 

26-V 

1:2.1:3.20 

6.3 

.67 

.74 

1 

27-V 

1:2.1:3.20 

6.3 

.  63 

.75 

i.. 

K 

Coarse  sand  and  Slap 

28-V 

1:2.1:3  15 

6.0 

.73 

.76 

IX 

29-V 

1:2.1:3.70 

5.8 

72 

.80 

1 

30-V-  — 

1:2.1:3.95 

5.7 

.70 

.83 

X 

31-V-... 

1:1.9:3.20 

6.  1 

.79 

.76 

1 

32-S 

1:1.9:3.20 

6.3 

.83 

.75 

2 

33- V 

1:1.9:3  20 

6.  4 

.75 

.76 

>2 

t 

1-  ine  sand  and  slat-'. .. 

34-V 

1:1.9:3.45 

6.  1 

.82 

.78 

1 

35-V 

1:1.9:3.70 

6.  (1 

.81 

.82 

1 

[36-V 

1:1.9:3.95 

5  8 

.79 

.85 

'■' 

ROUND   2 


37-S 

1:1.6:3.45 

6.0 

0.67 

11.76 

m 

:is-\ 

1:1.6:3.45 

6.0 

.6,1 

.  77 

i 

39-V___. 

1:1.6:3.45 

6.  1 

.58 

.  78 

X 
IX 

i  i    !  !oarse  sand  and  gravel-. . 

40-V 

1:1.6:3.70 

5.  S 

.  66 

.79 

41-V 

1:1.6:3.95 

.",.  6, 

.  66, 

.si 

V4 

42- V.... 

1:1.6:4.20 

5    1 

66 

.84 

l 

43-V 

1:1.5:3.45 

6.  1 

.67 

.78 

m 

44-S 

1:1.5:3.45 

6.  1 

.72 

.78 

2>  2 

11    Fine  --and  and  grave]     .. 

45-V 

1:1.5:3.45 

6.  2 

.61 

.80 

1 

46-V 

1:1.5:3.70 

5.  9 

.71 

.80 

2 

47-V.... 

1:1.5:3.95 

5.  7 

.71 

.83 

1'2 

48-V 

1:1.5:  i  -'ii 

5.5 

.70 

.85 

IX 

49-S 

1:1.9:3.30 

6.  1 

.75 

.75 

m 

50-V 

1:1.9:3.30 

6.2 

.  69 

.76 

IX 

1    Coarse  sand  and  stone 

51-V 

52-V 

1:1.9:3.30 
1:1.9:3.55 

6.2 

5,  9 

6,.", 

.75 

.76 
.77 

X 

m 

53-V 

1:1.9:3.80 

5.7 

.75 

.80 

IX 

,54-V 

1:1.9:4.05 

5.5 

.75 

.83 

i 

55-S 

1:1.7:3.30 

6.4 

.76 

.78 

2 

56-V 

1:1.7:3.30 

6.  5 

.70 

.79 

1  '■> 

l     (•  ine  sand  and  stone.    ... 

57-V 

58-V— . 

1:1.7:3.30 
1:1.7:3.55 

6.5 
6.2 

.  66, 
.76 

.80 

.81 

'■2 

2 

59-  V... 

1:1.7:3.80 

6.0 

.76 

.84 

1'2 

60-V_.._ 

1:1.7:4.05 

5.8 

.76 

.86 

X 

61-S 

1:2.1:3.20 

6.2 

.75 

.73 

2% 

62-V 

1:2.1:3.20 

6.3 

.66 

.74 

1'2 

K.  Coarse  sand  and  slat: 

63- V___ 

64-V 

1:2.1:3.20 
1:2.1:3.45 

6.3 

6.0 

.62 
.73 

.75 
.75 

>2 
ty-l 

65-V 

1:2.1:3.70 

5.8 

.72 

.80 

IX 

66-V 

1:2.1:3.95 

5.7 

.70 

.83 

1 

Aggregates 

Section 
no. 

Propor- 
tions by- 
volume, 

dry- 
rodded 

Cement 
factor 

in 
sacks 
per 
cubic 
yard 

Water- 
cement 
ratio 
cor- 
rected 

6/6o 

Slunv 

A.  i  'oarse  sand  and  gravel 

B.  Fine  sand  and  gravel 
c    Coarse  sand  and  stone 
D.   Fine  sand  and  stone 

(67-S 
68-J 
169-S 
170-J 

(71-S 

]72-J 

173-S 

I74-.J 

(75-S 

176-J 

177-S 

1 78- J 
(79-S 

J80-J 

181-S 
182-J 

1:1.6:3.45 
1:1.6:3.45 
1:2.1:4.45 
1:2.1:4.45 
1:1.5:3.45 
1:1.5:3.45 
1:2.0:4.45 
1:2.0:4.45 
1:1.9:3.30 
1:1.9:3.30 
1:2.4:4.30 
1:2.4:4.30 
1:1.7:3.30 
1:1.7:3.30 
1:2.2:4.30 
1:2.2:4.30 

6.0 
5.9 
4.8 
4.8 
6.1 
6.0 
4.8 
4.8 
6.  1 
6.1 
5.  0 
4.9 
6.4 
6.3 
5.1 
5.1 

0.  67 
.71 
.76 
.82 
.69 
.76 
.88 
.95 
.75 
.77 
.87 
.95 
.76 
.80 
.96 
.96 

0.76 
.76 
.79 
.79 
.78 
.77 
.80 
.79 
.75 
.74 
.79 
.78 
.78 
.77 
.81 
.81 

Inchi 

l 
2 
1 
2 
1 

2 
1 
2 
2 
2 
1 
3 
2 
3 
2 
2 

ROUND  2 


E.  Coarse  sand  and  gravel 


F     Fine  sand  and  gravel 


1 1     Coarse  -and  and  -lone 


II.    Fine  sand  and  stone 


I    Platte  Uimt  gravel 


,l    Platte  River  gravel. .. 


3.45 

6.0 

H.67 

0.76 

3.45 

5.9 

.71 

.76 

4.45 

1  s 

.79 

.79 

4.45 

1  8 

.82 

.79 

3.45 

6.  1 

.72 

.77 

3.45 

6.  1 

.72 

.77 

4.45 

4.8 

.87 

.80 

4.45 

4.8 

.90 

.79 

3.30 

6.  1 

.77 

.74 

3  311 

6.0 

.80 

.74 

4.30 

4.9 

.97 

.77 

4.30 

4.8 

.99 

.77 

3.30 

6.  4 

.77 

.78 

3.30 

6.3 

.79 

.  77 

4.30 

5.1 

.95 

81 

4.:!ii 

5.0 

.98 

.80 

6.  1 

.93 

6.  3 

1.03 

5.8 

1.05 

5.  7 

1.10 

6.4 

.97 

6.  3 

1.00 

:,  s 

1.05 

5.7 

1    10 

1  Symbols  used  in  this  column,  and  in  corresponding  columns  of  subsequent  tables 
have  the  following  meanings:  "S" — standard;  "V" —  vibrated;  "J  "—Johnson 
method. 


TESTING  PROCEDURE  DESCRIBED 

Strength  tests. — As  in  the  earlier  tests,  the  flexur: 
strength  of  each  9-foot  pavement  section  was  obtaine 
by  averaging  the  results  of  flexure  tests  on  four  slal 
removed  from  the  section  and  tested  in  accordance  wit 
the  method  described  in  the  first  report.  The  actual  tei 
slabs  were  27  inches  in  width,  60  inches  in  length,  and 
inches  in  depth.  They  were  loaded  at  the  third  points  < 
a  54-inch  span.  The  same  general  procedure  as  regarc 
control  specimens  was  followed  in  the  present  series  i 
in  the  previous  tests.  These  specimens  consisted  i 
beams  tested  at  the  age  of  7  months  and  cylinders  teste 
at  the  age  of  9  months.  These  periods  corresponds 
to  the  ages  at  which  the  pavement  slabs  and  cores  drille 
therefrom  were  tested.  All  strength  tests  were  raa< 
on  saturated  specimens.  The  average  results  of  $ 
strength  tests  are  shown  in  table  4.  In  table  5  are  give 
the  results  of  flexure  tests  on  the  individual  slabs. 

Absorption  and  density  tests. — Four  6-inch  cores  we; 
drilled  from  each  test  section,  2  each  from  2  of  the  ha 
slabs  remaining  after  the  flexure  tests.  In  drilling  tl 
cores  considerable  care  was  taken  to  select  portions  i 
the  slabs  free  from  honeycomb  in  order  to  insure  tl 
use  of  sound,  homogeneous  cores  for  testing  purpose 
Two  of  the  cores,  1  from  each  slab,  were  tested  in  con 
pression  while  the  other  2  were  tested  for  absorptie 
and  density.  The  following  procedure  was  employe 
in  making  the  absorption  and  density  tests:    The  cor 
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Table  4. — Results  of  strength  lists 


Sec- 
tion 


L-S.. 

2-\ 

3-V 

4-V_ 

5-V 

6-V.. 

7-S. 

g-V  - 

9-V.. 

11-V 

12-V 

13-S- 

It-V 

15-V 

lti-V 

17-V. 

l8-"\ 

19-S.. 

20-V. 

21-V. 

22-\ 

23-V. 

21-V. 

25-S... 

26-V 

27-V 

28- V.. 

29- V.. 

30- V.. 

32-S-. 

33-V  - 

34- V.. 

35-V.. 

36-V 

37-s 

l8-\ 

39-V . . 

40-V.. 

Jl-V 

t.'-V 

S3-V 

44-S- 

15-V 

(6-V 

17-V . . 

|s-\ 

19-E 

50- V 

51-V 

52-V  -  - 

53-V_. 


Modulus  of 
rupture  (in 
pounds  per 
square  inch  i 


SB 


737 
712 

(124 

780 

689 

648 

743 

711 

691 

714 

659 

606 

852 

917 

880 

961 

944 

89 

390 

905 

863 

1,  006 
'.ill 
813 
802 
762 
678 
780 
751 
807 
754 
730 
764 
815 
824 
727 
697 
735 
642 
714 
675 
669 
692 
723 
730 
720 
708 
664 
854 
961 
828 
949 

1,010 


_E 


578 

658 
566 
692 
682 
70-) 
656 
604 
643 
629 
638 
562 
892 
892 
858 
864 
845 
868 
857 
853 
894 
928 
915 
852 
704 
744 
722 
696 
708 
730 
678 

(Ml 

682 
716 
720 
706 
705 
684 
631 
632 
646 
615 
640 
624 
598 
659 
607 
700 
819 
914 
776 
862 
909 


Crushing 
strength  (in 
pounds  per 
'in  ire  inch 


oj  E 

S  as 
a> 

a  « 

PL, 


6,  240 
6,  620 
6.  950 
6,  160 
6,680 

6.  6111 

6,880 

7,040 
6.760 
6.  050 
I,  em 

6,  230 
6,780 

7,  580 
7,550 
7,460 
7.  .MO 
7.  590 

6,  240 
7,450 

7.  040 

''.'.ISO 

7.  OHO 
6.  740 
6,  540 
6,  170 
6,  730 
6.810 
6,300 
6,  340 
6,  500 
6,450 
6,620 
5.900 
6,  480 
6,210 
6.740 

6,  740 

8,  loo 

7.  180 

6,  690 

7.  020 
5,  640 

7,  270 
7,540 
6,910 
6,960 
6,800 
7,630 

8,  .'in 
8,040 
7,0X0 
7.  920 


E  v.  a 


1,910 
5,700 
1,800 

5,  HH> 
5,100 
1,280 
4,700 
5,  550 
5,590 
1.  590 
I. -in 

5,  ISO 
6,410 
6,870 

6,  980 
6,  740 
0,  350 
6,  510 
6.  .-,211 
7,020 
6,920 
6,  380 
6,  150 

5,  590 
5  960 
6,680 
6,940 
6,680 
5,920 

6,  380 
6,  120 
6,  ISO 
5,820 
6,  100 

6,  loo 

5,  S60 
5,870 
5,960 

l.soo 
1,980 

5.710 
.',.  Sill) 
5,0611 

6,  no 

6,  120 

:,.  450 

5,  iso 
6,020 

6,  580 
7,380 
:,,  780 

7,  030 
6,  620 


Sec- 
tion 


54-V 
55-S 
56  \ 
57-V . 
58  \ 
59- V . 
60-V. 
61-S  . 
62- V 
63-V. 
64-  V. 
65-V. 
66-V 

67- S 

68-J   . 

69-S 

70-J 

71-S 

72-J    . 

73-S 

74-J 

75-S 

76-J 

77-S 

78-J 

79-S 

80- J 

81-S 

82-J 

83-S 

84-J_. 

85-S 

S6-.I 

S7-S 

ss-.l 

90-J 

91-S. 

92-J 

93-S_. 

94-J   . 

95-S 

96-J .  . 

97-S 

os- J 

99-S.. 

103-J. 

101-S 

105- J 

100-S 

104-.I 

102-S 

106-J. 


Modulus  of 
rupture  (in 
pound:  pei 

square  inch) 


Br, 


S77 
908 
965 
'.H7 
989 
062 
951 

S02 

818 
860 

S62 
825 
819 
724 

658 

6SI) 
666 
753 
628 
681 

SSI 

918 

700 
908 
934 
1.062 
7s  I 
910 
688 
724 
672 
697 
712 
756 
643 
660 
849 
934 
814 
882 
849 
978 
771 
Sll 
584 
720 
637 
6S0 
694 
72S 
63S 
700 


ss 


834 
812 

sll 
819 

000 

mi.; 
824 
742 
734 
762 
678 
726 
715 
612 

664 
645 
604 
683 

587 

602 
543 

si',2 

so:, 

756 
60s 
836 
soi 

670 

CSS 

668 

63S 
572 
598 

66,6 
6,6,7 
566 
518 
S60 
775 
703 
6,22 
858 
S07 
694 
628 
601 
598 
564 
500 
,,in 
626 
534 
599 


Crushing 
strength  (in 
poun 
square  inch) 


v  B 


7,450 
6,980 

7.300 
7,760 
7,240 
7.  160 
7,330 
6,550 
7.230 
7.  190 
6,,  620 
6,980 

6,  670 
7,280 

7.  Slid 
6.030 
6,830 

6.  3SO 

7,070 

5,  000 

6,  340 
7,710 

5,  220 
6.040 
8,060 
7.320 
s.  280 
5,940 

7,  ISO 
7,  no 

7.  600 
5,660 

6,  6411 

6,  loo 
7.040 
5,  160 
6,000 
7,520 

S,  0110 

5,  700 

7,  220 
7.  060 

s.l 

5,  500 
7.  050 
4.  OOO 
5,910 
1,200 

5.720 

4,740 
6,060 

4.  (ISO 
5,840 


6.300 

,,  ssi  I 

7,  I  10 
6,  no 

B,  isi, 
6.710 
6.610 
6,  170 
6.560 
6.  760 

5,  160 
6.310 

6,  Kill 
6,  760 
I,.  I  ISO 

5.  870 

5.  "SO 

;,.  son 

5.06(1 
1,960 

I.  ^( II i 

6,  III! 
6,  SOU 
6.  10(1 
5.370 
7. 111(1 
6,7110 

5,  !so 
.,,  .sil 
6,230 
5,  580 
5,  isn 
I,  600 
5,  020 
5.  720 
t.soo 
I.  610 
I;  590 

5.  S3II 

I,  660 

I.  Old 

6,  720 
6.610 
.-,,300 
1,280 
1,380 
I.  580 
I.  2i,ii 
3.720 
l.ooo 
I.  750 

3.060 
3,0311 


1  Each  value  average  of  4  tests  on  1  section. 

2  Each  value  average  of  2  tests. 

3  Each  value  average  of  2  tests  on  1  section. 

were  first  dried  to  constant  weight  in  an  electric  oven 
where  the  temperature  was  maintained  tit  approxi- 
mately 150°  C.  They  were  then  cooled,  weighed, 
immersed  in  water  and  boiled  lor  .">  hours.  The 
specimens  were  then  allowed  to  cool  for  is  hours,  after 
which  they  were  removed  from  the  water,  surface-dried, 
and  weighed.  They  were  then  weighed  in  water  and 
from  the  three  weights  thus  obtained  the  absorption, 
weight  per  cubic  foot,  and  specific  gravity  were  computed. 
Values  for  the  density  of  the  hardened  concrete  were 
obtained  by  dividing  the  weight  of  a  given  volume  of 
the  concrete  by  the  theoretical  weight  of  solids  in  the 
same  volume  as  calculated  from  the  proportions  and 
specific  gravities  of  each  of  the  constituent  materials. 
In  the  case  of  series  B,  a  value  which  may  be  termed 
the  theoretical  density  of  the  plastic  concrete  was  also 
obtained.  This  value  is  the  ratio  of  the  volume  of 
solids  (cement  and  aggregate)  to  the  total  volume  of 


I'uii.r:  .">.     Individual  slab  strengths,  uniformity,  and  honeycomb 


Section 


/'-, 

fi  nl 

1.2 

2.0 

s  s 
I    I 

I  2 
10.5 

6  5 
s  2 
7.  1 

4  1 
12.9 

8.2 
.6 

6.  5 

I.  1 
2.3 
II  s 
12.9 
8.5 

.6 

1.7 

11.3 

12.4 


I    I 
3.  1 


3.  1 
13  2 
13.3 

3.0 

s.  2 


.0 

0  3 
10.8 

5,  1 

8.9 

5  6 
.6 

3  o 

1  s 

3.  1 

2.0 
7.3 
2.5 
3.7 

3.  5 
2.  1 
10.3 


I'lT- 

C(  ill 
0 
0 

II 

I    6 
I    2 

1.0 

I    '■ 
0 
3.6 


3.  S 
I  2 
I  II 
3,  I 
3  0 

5.  3 
0 

II 

6.  7 

3   O 

I  I, 
2.  6 
1.6 
8.2 
I  3 


2.7 

0 
.  5 
.9 

5.  3 
2.  1 
0 

III  s 
I  5 

0 

1.6 
0 
0 
.  I 

1.  1 
1.6 
0 

2.  1 
1.2 

6  6 

6.7 
2.  6 


o    I 

6.  6 

6.3 

5.  6 

1    0 

0 

.3 

0 

5.  3 

0 

7.  1 

II 

3.  7 

0 

.9 

0 

6.  3 

0 

6.0 

0 

13.  2 

1 

2.3 

5.7 

3.  S 

1  5 

0 

1   . 

0 

-    I 

6.7 

7.  1 

2  6 

5.7 

0 

8.6 

o 

1.  1 

0 

4.  1 

0 

4.9 

0 

17.0 

0 

4.(1 

5.2 

1.  1 

3.1 

114 

6.3 

0.  1 

3.7 

Pet- 

2.  I 
II 
o 

III  •> 
3    I 

o 

II    1 
0 

21    0 
0.  1 

II 
30.  2 


30   2 

0 

35.  i, 

21    6 

3(1.  I 
33.  I 

10    II 

7(1   1 

II 
(I 
I) 
2.8 


I  ' 

is.:' 

0 

0 

- 

0 
21    i 

20  , 


3 


II    s 
13.0 
12.6 

17.(1 
21.4 

3    1 
32.  5 

Is    1, 

10    1 

51    i 

50.  1 

52. '.» 

1) 

7.0 
0 

1    ", 

2.  1 

1.2 

0 
0 
33.  8 

-  - 

11.9 
7.  1 

16    1 

0 
II 
0 
0 

0 

0 

20.1. 
11.7 
29.  3 
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Mo.] 

Varia- 

Honeycomb 

Mod- 

Varia- 

Honeycomb 

Section 

Slab 

ulus 

of 

tion 
from 

Section 

Slab 

ulus 

of 

tion 
from 

no. 

rup- 
ture 

aver- 
age 

Break 

Bot- 
tom 

no. 

no. 

rup- 
ture 

aver- 
age 

Break 

Bot- 
tom 

Lbs. 

Lbs. 

per 

Per- 

Per- 

Per- 

pel 

Per- 

Per- 

Per- 

sq.in. 

cent 

cent 

cent 

sq.in. 

cent 

cent 

cent 

|     1 

716 

6.3 

1.0 

0.7 

|     1 

901 

5.5 

1.1 

II 

33-V 

5 

754 
759 

1.3 

.5 
0 

0 
0 

49-S   - 

1     2 
1     3 

757 
850 

11.4 

.5 

5.  7 
1.0 

44.9 

1.5 

1     4 

828 

8.4 

0 

1.0 

1     4 

909 

6.4 

1.0 

2.0 

\ verage. 

764 

4.2 

.4 

.4 

Average 

854 

6.0 

2.  2 

12.  1 

I      i 

835 

2.  5 

0 

(I 

(     1 

936 

2.6 

(I 

0 

34-V 

1     2 
1     3 

827 
821 

1.5 

0 

(1 

0 

0 

50-V 

1     2 
1     :i 

92(1 
1,017 

4.3 

5.8 

0 

(I 

s.t 
II 

1     4 

777 

4.7 

0 

II 

1      4 

970 

.9 

li 

II 

\  \  erage 

815 

2.4 

0 

0 

Average 

961 

3.4 

ll 

1.4 

1      1 

841 

2.  1 

II 

0 

(      1 

766 

7.5 

5.  5 

32.  6 

35- V 

1     2 

829 

.6 

0 

1) 

51-V 

2 

745 

10.0 

6.2 

54.8 

h 

811 

1.6 

0 

(1 

)     3 

912 

10.  1 

(1 

10.3 

814 

1.2 

0 

li.  .--> 

1      t 

890 

7.5 

1.  1 

16.  3 

Vverage 

824 

1.4 

0 

1.6 

Average 

828 

8.8 

3.9 

28.  5 

r  i 

613 

15.7 

6.  7 

42.8 

I     1 

954 

.5 

II 

II 

36- V 

1     2 
1     3 

728 
833 

.  1 

14.6 

0 
0 

21.0 

0 

52-V  .... 

1     2 
1     3 

SMI 
1,029 

7.3 
8.  4 

3.  1 

(I 

1) 
0 

1     4 

734 

1.0 

2.  1 

8.  2 

1     4 

932 

1.8 

li 

I) 

\    eragi 



727 

7.8 

2.  2 

18.0 

Average 

9411 

t  5 

.  8 

II 

|     1 

683 

2.0 

1) 

11 

(     1 

992 

1.8 

II 

0 

2 

736 

5.6 

I,  1 

7.  1 

53-V 

1     ■> 

1.017 

7 

II 

5.6 

3 

696 

.1 

0 

0 

1     3 

1,067 

5.6 

II 

ll 

1     4 

674 

3.3 

0 

0 

1     4 

962 

4.7 

II 

ll 

\  verage 



697 

2.8 

.3 

1.8 

Average 

1,111(1 

3.2 

1) 

1    1 

|     1 

657 

10.6 

3.7 

30.  9 

(     1 

834 

4.9 

1.6 

14  0 

38-\ 

2 

756 

2.  9 

li 

0 

54-V 

1     2 

s.-il 

2.6 

2.  1 

20  5 

1     3 

814 

10.7 

0 

0 

1     3 

964 

9.9 

0 

II 

1     4 

714 

2.9 

.  .> 

0 

1     4 

857 

2.3 

1.6 

5.9 

Vverage 



735 

6.8 

1.0 

7.  7 

Average 

S77 

4.9 

1.3 

10.  1 

I      1 

547 

14.8 

10.8 

54  'J 

|      1 

952 

4.9 

II 

0 

39-V 

1     2 

642 

0 

1.  1 

29.7 

55-S   . 

1     2 

863 

5.  0 

.5 

18.9 

3 

763 

is  8 

0 

13.0 

1     I 

936 

3.1 

0 

111  9 

1     4 

615 

4.2 

5.  3 

32.8 

879 

3.2 

0 

5  7 

\  vei  age 

642 

9.  1 

4.3 

32.6 

A  \  erage 

91  IS 

4.0 

.  1 

8.9 

|     1 

751 

5.  2 

(1 

0 

I      1 

955 

1   ll 

0 

0 

40- V  .. 

S 

720 
659 

.8 

7.7 

(1 
0 

0 

(I 

56-  V 

1     2 
1     ;i 

959 

948 

.6 
1.8 

.5 
II 

4.2 
0 

1     4 

724 

1.4 

(I 

II 

1     4 

998 

3.4 

1) 

0 

\  \  erage 



714 

3.8 

0 

I) 

Average 

965 

1.7 

.1 

1.0 

(     1 

672 

.4 

0 

0 

,'      1 

1,01(1 

6.7 

(I 

II 

n-v  .... 

1     2 

692 

2.5 

(1 

0 

57-V 

2 

884 

6.6 

4.3 

28  7 

3 

635 

5.9 

0 

(1 

1     :! 

976 

3.  1 

0 

I) 

1     4 

700 

3.7 

0 

(1 

1      1 

917 

3.  2 

1.5 

5,  2 

Vverage 

675 

3.  1 

II 

II 

Average. 

947 

4.9 

1.4 

8  5 

f     1 

663 

.9 

2.  5 

13.5 

|     1 

1,006 

1.  7 

0 

0 

12- V 

2 

674 

7 

1.6 

8.7 

58-  V.      . 

1     2 

945 

4  4 

II 

0 

1     3 

676 

1.0 

n 

0 

1     3 

1,024 

3.5 

II 

0 

1     4 

664 

0.7 

1.  1 

20.4 

1     4 

982 

,  7 

II 

0 

A verage - 

669 

0.8 

1.3 

10.  6 

A verage . 

989 

2.6 

(1 

0 

(     1 

776 

12.1 

I) 

II 

[     1 

972 

1.0 

II 

0 

43-V_. 

5 

672 
689 

2.9 
.4 

0 
II 

(I 
0 

59- V 

1     2 
1     3 

930 

976 

3.3 

1.5 

ll 
II 

0 

0 

1     4 

631 

8.  S 

1   ii 

0 

1     4 

9711 

.8 

(1 

0 

692 

6.0 

.2 

0 

Average 

962 

1.6 

II 

0 

(     1 

703 

2.8 

0 

2.2 

(     1 

871 

8.  1 

0 

0 

14-S 

2 

711 

1.7 

I) 

3.6 

60-  V 

1     2 

881 

7.4 

0 

0 

1     :t 

725 

.3 

II 

0 

3 

1. 151 

21.0 

0 

0 

1     4 

754 

4.3 

0 

0 

1     1 

!HKI 

5.4 

(1 

0 

Vverage 

723 

2.  3 

0 

1.4 

Average 

951 

10.6 

(1 

0 

f     1 

736 

.8 

II 

3.7 

f     1 

767 

4.4 

II 

0 

45- V      .. 

2 

720 

1.4 

0 

1.5 

61-S 

2 

793 

1.  1 

II 

3.5 

1     3 

728 

.3 

(1 

0 

3 

794 

1.0 

(1 

3.3 

1     4 

735 

.  7 

0 

(1 

1     4 

854 

6.5 

(1 

0 

\  verage. 

730 

.8 

II 

1.3 

Average 

802 

3.2 

II 

1.7 

f     1 

774 

7.5 

II 

II 

(     1 

1  462 

0 

0 

16-V.. 

1     2 

690 

4.2 

(1 

ll 

62-V  ._.. 

2 

i  220 

0 

0 

)     3 

735 

2.1 

II 

n 

1     3 

833 

1.8 

0 

0 

1     4 

679 

5.7 

II 

0 

1     4 

802 

2.0 

0 

0 

\ verage. 

720 

4.9 

II 

0 

A verage 

818 

1.9 

0 

0 

(     1 

741 

4.7 

0 

0 

(     1 

858 

.2 

0 

0 

47-V 

5 

691 
701 

2.4 
1.0 

II 
(1 

0 
0 

63- V  ..    . 

1     2 

889 

856 

3.4 

.5 

0 
0 

0 
0 

1     4 

699 

1.3 

(1 

0 

1      I 

837 

2.7 

1.0 

2.7 

Average. 

708 

2.4 

0 

0 

Average 

860 

1.7 

.2 

.7 

f     1 

667 

.5 

0 

0 

(     1 

867 

.6 

0 

0 

18-V.      . 

1     2 

593 

10.7 

2.6 

3.1 

64-V 

1     2 

857 

.6 

0 

0 

1     3 

684 

3.0 

0 

(1 

1     3 

882 

2.3 

0 

0 

1      1 

710 

6.9 

0 

II 

1     4 

841 

2.4 

0 

0 

A  verage - 



664 

5.3 

,  li 

.8 

Average 

862 

1.5 

0 

0 
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Mod- 

Varia- 

Honeycomb 

Mod- 

Varia- 

Honeycon 

Section 

Slab 

ulus 
of 

tion 
from 

Section 

Slab 

ulus 
of 

tion 
from 

no. 

no. 

rup- 
ture 

aver 
age 

Break 

Bot- 
tom 

no. 

no. 

rup- 
ture 

aver- 
age 

Break 

Bo 
toi 

Lbs. 

Lbs. 

per 

Per- 

Per- 

Per- 

per 

Per- 

Per- 

Pe 

sq.in. 

cent 

cent 

cent 

sq.in. 

cent 

cent 

cer 

(     1 

860 

4.2 

0 

1) 

(     1 

842 

7.4 

0 

0 

65-V 

1     2 

813 

1.5 

0 

0 

Sl-S     ... 

2 

617 

21.3 

10.3 

15 

1     3 

838 

1.6 

0 

(I 

3 

875 

11.6 

0 

0 

1     4 

790 

4.2 

2.0 

2.8 

4 

SI  12 

2.3 

2.  1 

1 

Average 

825 

2.9 

.5 

.7 

Vverage 

784 

10.6 

3.1 

4 

f     1 

828 

1.  1 

0 

0 

1     1 

904 

.7 

0 

0 

66-V 

2 

831 

1.5 

0 

II 

82-J 

2 

900 

1.1 

.5 

4 

3 

843 

2.9 

0 

11 

j     3 

921 

1.2 

0 

0 

1     4 

775 

5.4 

3.1 

4.3 

1     4 

917 

.8 

0 

0 

\\ erage 

819 

2.7 

.8 

1.  1 

A verage - 



910 

1.0 

.  1 

1 

I     1 

789 

9.0 

0 

3.0 

(     1 

666 

3.2 

2.0 

15 

1     2 

703 

2.9 

4.2 

27.7 

83-S 

1     2 

678 

1.5 

1.0 

20 

1     3 

694 

4.  1 

0 

0 

)     3 

685 

.4 

3.8 

27 

1     4 

712 

1.7 

.5 

4.6 

1     4 

721 

4.8 

2.  1 

a 

Average_ 

----- 

724 

4.4 

1.  1 

8.8 

A  verage 

688 

2.5 

2.2 

16 

|     1 

829 

6.7 

0 

0 

f     1 

696 

3.9 

II 

0 

68-J 

2 

737 

5.1 

2.7 

19.9 

84-J 

2 

698 

3.6 

II 

t 

3 

787 

1.3 

0 

0 

3 

753 

4.0 

.5 

10 

1     4 

756 

2.7 

2.  1 

15.2 

1     4 

748 

3.3 

0 

0 

\  verage 

777 

4.0 

1.2 

8.8 

A  verage . 

7  24 

:t.  7 

.  1 

2 

[     1 

703 

6  8 

3.6 

1.7 

I      1 

638 

5.1 

II 

0 

2 

618 

6.  1 

4.2 

28.4 

85-S-- 

1     2 

699 

4.0 

0 

t 

3 

lit:, 

2.0 

7.3 

4.  1 

)     3 

674 

.3 

1.6 

2 

1     4 

668 

1.5 

2.0 

13.4 

1     4 

678 

.9 

II 

A verage - 

6,ri8 

4.  1 

4.3 

11.9 

V verage 



672 

2.6 

.4 

(     1 

723 

6.3 

0 

0 

[      1 

733 

5.2 

ll 

0 

2 

684 

.6 

2.  6 

22.  1 

86-J 

1     2 

711 

2.0 

0 

0 

3 

633 

li.  9 

.5 

(1 

\     3 

667 

4.3 

(1 

0 

1     4 

681 

.  1 

2.  1 

4.0 

1     4 

678 

2.7 

II 

0 

Average. 

680 

3.  5 

1.3 

6.5 

Average. 



697 

3.6 

(1 

0 

[     1 

7111 

5.3 

.5 

4.3 

(     1 

720 

1.  1 

1) 

5 

1     2 

611 

8.3 

3.6 

57.2 

87-S 

I     2 

709 

.4 

II 

5 

1     3 

690 

3.6 

1.0 

9.2 

\     3 

683 

4.  1 

II 

4 

I     4 

661 

.8 

3.0 

30.9 

1     4 

735 

3.2 

0 

0 

Average. 

666 

4.5 

2.0 

25.4 

Vverage 



712 

2.2 

II 

3 

(     1 

711 

5.6 

0 

0 

I     1 

733 

3.0 

1. 1 

0 

72-.I 

\' 

743 

812 

1.3 

7.8 

0 
0 

(1 
3.7 

88-J 

1     2 
1     3 

785 
765 

3.8 
1.2 

0 

1.0 

0 
2 

\     4 

717 

.8 

II 

0 

1     4 

740 

2.1 

2.5 

7 

\ verage 

753 

3.9 

0 

.9 

Average. 

756 

2.5 

1.2 

2 

(      1 

598 

4.8 

3.  1 

3.2 

(     1 

612 

4.8 

1.0 

0 

?■ 

600 

4.5 

2.1 

25.6 

1     2 

621 

3.4 

0 

0 

73-S ... 

3 

660 

5.  1 

0 

0 

)     3 

651 

1.2 

.5 

1     4 

652 

3.8 

0 

0 

1     4 

688 

7.0 

0 

6 

Average. 

628 

4.6 

1.3 

7.2 

Average. 



643 

4.1 

.4 

J 

I      1 

655 

3.8 

0 

0 

(     1 

654 

.9 

.5 

74-.I 

1     2 
1     3 

67s 
708 

.4 
4.0 

1.6 
0 

9.4 
0 

90-.J  - 

1     2 
1     3 

665 
670 

.8 
1.5 

0 

.5 

t 

1C 

1     4 

684 

.4 

0 

0 

1     4 

653 

1.1 

(1 

4 

Average. 



681 

2.2 

.4 

2.4 

Average 

660 

1.1 

.3 

.  a 

[     1 

994 

12.4 

0 

0 

J     2 
1     3 

924 

8.8 

0 

i 

1     2 

842 

4.8 

5.8 

23.  5 

91-S 

874 

2.9 

0 

4 

75-S 

1     3 

931 

5.3 

0 

2.0 

738 

13.  1 

12.9 

2S 

1     4 

771 

12.8 

5.2 

3.7 

!     4 

860 

1.3 

2.0 

I 

Average. 

884 

8.8 

2.7 

7.3 

Average 

849 

6.5 

3.7 

t 

(     1 

915 

.3 

0 

0 

f     1 

910 

2.6 

0 

! 

2 

942 

2.6 

0 

0 

92-J 

2 

948 

1.5 

0 

t 

76-J 

3 

908 

1.1 

0 

0 

)     3 

906 

3.0 

1.5 

4 

1     4 

905 

1.4 

2.5 

12.5 

1     4 

974 

4.3 

0 

918 

1.4 

.6 

3.1 

Average. 

934 

2.8 

.4 

1 

I     1 

831 

17.2 

2.5 

9.4 

I     1 

794 

2.5 

0 

( 

1     2 

745 

5.1 

11.3 

36.9 

93-S 

1     2 

890 

9.3 

0 

( 

i  •  -S 

1     3 

551 

22.3 

19.1 

22.4 

1     3 

760 

6.6 

3.3 

1' 

1     4 

710 

.1 

10.7 

21.4 

1     4 

812 

.2 

4.0 

A verage _ 

709 

11.2 

10.9 

22.5 

Average 

814 

4.6 

1.8 

i 

(     1 

818 

9.9 

0 

0 

(     1 

872 

1.1 

(1 

( 

? 

965 

6.3 

0 

0 

94-J 

2 

928 

5.2 

0 

I 

7S-.I  .    . 

3 

977 

7.6 

0 

0 

3 

918 

4.1 

0 

I 

1     4 

871 

4.  1 

0 

3.1 

1     4 

810 

8.2 

(1 

t 

Average 

908 

7.0 

0 

.8 

Average 

882 

4.6 

0 

I 

(     1 

918 

1.7 

0 

0 

f     1 

892 

5.1 

.  5 

i 

? 

870 

6.8 

2.1 

9.5 

95-S 

1     2 

884 

4.1 

0 

1 

79-S 

3 

959 

2.7 

0 

6.0 

\     3 

785 

7.5 

3.5 

2t 

1     4 

987 

5.7 

0 

3.4 

1     4 

834 

1.8 

1.0 

t 

Average 

934 

4.2 

.5 

4.7 

Average 

849 

4.6 

1.3 

11 

(     1 

1,096 

3.2 

0 

0 

I     1 

1,018 

4.1 

0 

( 

J     2 

1,030 

3.0 

0 

3 

96-J 

2 

1,016 

3.9 

O 

I 

80-J 

1     3 

1,075 

1.2 

0 

0 

3 

1,018 

4.  1 

0 

i 

1     4 

1,048 

1.3 

0 

O 

1     4 

862 

11.9 

0 

I 

A  verage . 

1,062 

2.2 

0 

.8 

Average. 

978 

6.0 

0 

I 

1  Not  included  in  average. 
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Be Slab 

\(i  No 


Average 

B8-J 

\\ erage 


12 


9S  - 
Average 

100-S 

Average. 

UJ1-S.. 

Average 


Mod- 
ulus 

of 
ni|i- 
ture 


Lbs. 

per 
sq.  in. 
826 
832 
636 
789 
771 

852 
873 
725 
795 
811 

552 
532 
581 
670 
584 

689 

'.77 
701 
70S 
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concrete  calculated  on  the  assumption  that  the  freshly 
mixed  concrete  is  free  from  air  voids.  This,  of  course, 
is  not  absolutely  true.  However,  tests  of  concrete 
similar  to  that  used  in  series  B,  where  the  difference  in 
consistency  of  the  concretes  finished  by  the  two 
methods  was  not  great  (ranging-  from  about  1%  inches 
to  3  inches  in  slump),  have  shown  that  the  error  intro- 
duced by  not  correcting  for  air  voids  is  small  and 
reasonably  constant  and  therefore  may  be  neglected. 
On  this  basis  a  comparison  of  the  two  values  for  density 
may  be  used  as  a  rough  measure  of  the  amount  of  water 
loss  taking  place  during  consolidation.  In  other  words, 
it  may  be  assumed  that  the  increase  in  density  of  the 
hardened  concrete  as  compared  with  the  density  of  the 
plastic  concrete  is  due  to  the  elimination  of  water  only. 
The  significance  of  these  values  is  discussed  in  that 
portion  of  the  report  dealing  with  series  B. 

Values  for  absorption,  apparent  specific  gravity,  and 
final  density  are  shown  in  table  6. 

Determination  oj  honeycomb. — The  extent  and  distri- 
bution of  visible  honeycomb  in  the  test  slabs  was  care- 
fully determined  by  measurement  of  the  fractured  slabs 
remaining  after  the  flexure  test.  The  actual  area  of 
honeycomb  on  the  bottom  of  each  27-inch  by  60-inch 
slab  was  determined  by  means  of  a  wire  grid  having 
1-inch  square  openings  laid  upon  the  surface.  (Sec 
fig.  1.)  The  amount,  of  honeycomb  in  the  cross  sec- 
tion at  the  break  was  determined  by  plotting  the  honey- 
comb area  on  cross-section  paper.  These  procedures 
provided  an  accurate  method  of  determining  the  percent- 
age of  the  bottom  surface  which  contained  honeycomb 
areas  exceeding  approximately  one  fourth  inch  in  depth 
and  the  percentage  of  honeycomb  at  the  break.  The 
average  percentage  of  honeycomb  for  an  entire  section 
as  used  in  the  discussion  is  the  average  of  8  determina- 
tions, 1  on  the  bottom  and  1  at  the  plane  of  fracture 
for  each  of  the  4  test  slabs  composing  the  section.  The 
results  of  all  determinations  of  honeycomb  are  shown 
in  table  5,  in  connection  with  the  results  of  flexure  tests 
on  the  individual  slabs. 
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Figure  1. — Illustrating  Use  <>f  Grid 


[-Inch  Square  Openings  for   Measuring  Honeycomb. 


Determination  of  surface  wear. — Determinations  of  the 
surface  hardness  of  the  test  slabs  were  made  with  a 
special  device  designed  by  the  Bureau  and  described 
in  detail  in  Public  Roads  for  July  1929.  The  hardness 
testing  machine  consists  essentially  of  a  vertical  shaft 
carrying  a  frame  upon  which  are  mounted  three  steel 
wheels.  The  wheels  roll  on  the  concrete  in  a  circular 
path  21  inches  in  diameter  and  gradually  wear  a  narrow 
groove  in  the  surface,  the  depth  of  which,  after  a  given 
number  of  revolutions,  is  used  as  a  measure  of  the 
hardness  of  the  mortar  surface.  Care  is  taken  to  see 
that  the  wear  is  confined  to  the  mortar  surface  only 
so  as  to  avoid  variations  due  to  any  difference  in  hard- 
ness of  the  mortal'  and  the  coarse  aggregate.  (See 
Kg-  2.) 

The  results  of  the  strength  tests,  together  with  data 
showing  the  amount  of  honeycombing  existing  in  each 
test  slab,  the  density,  absorption,  and  resistance  to  wear 
of  the  concrete,  form  the  basis  of  comparison  used  in 
this  report  to  determine  the  effect  of  the  methods  of 
finishing  on  quality. 

In  all,  one  hundred  and  six  9-foot  sections  were  cast 
during  this  investigation,  66  in  connection  with  the 
investigation  of  the  effect  of  vibration  and  40  in  con- 
nection with  the  tests  of  the  Johnson  method.  The 
first  slabs  were  cast  on  September  10,  1931,  and  the 
last  on  October  5,  1931,  progress  being  at  the  rate  of 
6  slabs  per  day  for  the  vibration  series  and  8  slabs  per 
day  for  the  Johnson  series. 


Figure  2. — Groove  Worn  in  Surface  after  600 
tions  of  Hardness  Testing  Machine;  Circle  2 
in  Diameter. 
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SERIES  A:  TESTS  TO  DETERMINE  EFFECT  OF  VIBRATION 


For  this  series  of  tests  a  standard  double-screed 
finishing  machine  was  equipped  with  3  high-frequency 
vibrators,  2  mounted  on  the  front  screed  and  I  on  the 
rear  screed.  (See  fig.  4.)  Each  vibrator  consisted 
of  a  '.(-horsepower  electric  motor  operating  at  an 
approximate  speed  of  3,600  revolutions  per  minute. 
There  was  attached  to  the  rotor  of  each  motor  an 
eccentric  weight  which,  revolving  at  high  speed,  im- 
parted a  vibratory  motion  to  the  screed.  The  motors 
were  operated  with  current 
supplied  from  a  gasoline- 
electric  generator  unit 
mounted  on  the  finishing 
machine. 

The  only  modification  of 
the  finishing  machine  as 
ordinarily  used, other  than 
the  installation  of  the  vi- 
brators, was  the  use  of  a. 
"hull-nose" 'strike-off  which 
was  riveted  to  the  front 
-creed.  A  view  of  the  fin- 
ishing machine  showing  t  he 
special  strike-off  is  shown 
in  figure  3.  This  device  was 
furnished  and  recommend- 
ed by  the  manufacturer  of 
the  finishing  machine  on 
the  theory  that  the  round- 
ed surface  of  the  "bull- 
nose"  would  tend  to  con- 
solidate as  well  as  strike  off 
the  surface  of  the  concrete. 

In  general,  the  finishing 
machine  was  operated  at 
about  the  same  forward 
speed  as  is  customarily 
used.  The  number  of 
passes  was  limited  to  three 
as  in  the  former  tests,  this 
being  considered  the  maxi- 
mum allowable  from  the 
standpoint  of  production. 
1 1  owever,  it  was  found  nec- 
essary to  exceed  two  passes 
in  only  five  eases. 

With  the  set-up  as  de- 
scribed above  the  vibra- 
tions could  be  distinctly  felt  by  a  person  standing  on  the 
ground  outside  the  line  of  forms.  Attention,  however, 
should  be  called  to  the  fact  that  the  usual  standard- 
weight  screeds  were  employed  in  this  work.  These 
screeds  with  attachments  weigh  approximately  the 
same  per  foot  of  length  for  various  widths  of  road.  It 
is  probable  that  a  somewhat  greater  vibratory  effect 
would  have  been  obtained  had  the  machine  been 
equipped  with  lighter  screeds.  A  somewhat  greater 
effect  would  probably  have  been  obtained,  even  with 
the  standard  screeds,  had  an  IS-  or  20-foot  section  been 
tested  instead  of  a  9-foot  section. 


BASK  MIX  ESTABLISHED   FOR  SI  INDARD  OF  COMPARISON 

for  each  combination  of  line  ami  coarse  aggregate  a 
SO-called  "base  mix"  was  established.  This  base  mix 
was  designed  so  that  the  combinations  containing  the 
coarse  sand  would  have  a  cement  factor  of  approxi- 
mately ti  sacks  per  cubic  yard.  For  the  corresponding 
mixes  with  line  sand  the  proportion  of  sand  was  reduced 
so  as  to  compensate  for  the  differences  in  grading  with- 
out changing  the  water-cemeni  ratio  or  the  proportion 

of  coarse  aggregate.  Pre- 
liminary laboratory  tests 
indicated  a  reduction  in 
sand  content  of  one  tenth 
pari  in  t  he  case  of  gra\  el 
and  t  wo  teiil  hs  pari  in  the 
case  of  stone  and  s  1  ;i  g. 
This  procedure  resulted  in 
the  use  of  slightly  higher 
cemenl  factors  for-  t  he  line 
sand  mixes,  the  maximum 
difference   being   0.3    sack 

in    the   ease    of    the    ^i ■ 

concrete.  Values  of  l>  b0, 
dry-rodded,  ranged  from 
0.73  to  0.78,  d  epen  d  i  n  g 
upon  the  materials  being 
combined.     Each  of  t  hese 

base  mixes  was  designed  to 
produce  concrete  with  a 
slump  of  about  2  inches 
and  was  used  in  a  section 
constructed  w  ithout  vibra- 
tion as  a  standard  of  com- 
parison. Foreach  standard 
section  there  were  con- 
tracted five  sections  in  all 
of  w  hieh  t  he  concrete  was 
somewhat  drier  than  the 
standard  and  all  of  which 
were  vibrated.  In  two  of 
the  vibrated  sections  the 
proportions  were  t  he  same 
as  the  standard  or  base  mix 
and  t  he  drier  consistency 
was  obtained  by  lowering 
the  water  content  until 
slumps  of  approximately 
one  inch  and  one  half  inch 
were  obtained.  In  the  other  three  the  water-cement  ratio 
used  in  the  standard  or  base  mix  was  maintained  const  ant 
and  the  drier  consistency  was  secured  by  adding  respec- 
ti\  ely  one  fourth,  one  half,  and  three  fourths  parts  coarse 
aggregate  by  volume  to  the  base  proportion.  A  sel  of  6 
section-,  1  screeded  and  5  vibrated,  formed  1  day's  run 
As  previously  noted,  the  proportions,  slump,  water- 
cement  ratio  and  other  data  for  each  section  comprising 
series  A  are  shown  in  table  2.  With  the  exception  of 
the  slag  in  combination  with  fine  sand,  two  complete 
rounds  were  run,  making  a  total  of  I ili  sections,  two  with 
each  aggregate  combination. 


DRIER  MIXES  SATISFACTORY  IF 
CONCRETE  IS  VIBRATED 

Results  of  tests  in  which  vibrated  concrete  is 
compared  with  concrete  placed  by  the  standard 
method  lead  to  the  following  conclusions: 

1.  By  the  use  of  vibrating  equipment  of  the 
same  general  type  as  employed  in  connection 
with  these  tests  it  should  be  possible  satisfactorily 
to  place  and  finish  considerably  drier  concrete 
than  is  possible  with  methods  now  in  common 
use. 

2.  For  conditions  comparable  to  these  tests,  it 
should  be  possible  satisfactorily  to  place  and 
finish  by  vibration  concrete  having  a  minimum 
slump  of  1  inch  as  compared  to  a  minimum  slump 
of  2/2  inches  for  methods  now  in  common  use. 

3.  These  tests  indicate  that,  depending  on  the 
type  of  coarse  aggregate  used,  concrete  containing 
from  one  fourth  to  three  fourths  part  more  coarse 
aggregate  than  the  base  mix,  if  vibrated,  should 
show  as  great  uniformity  and  as  high  flexural 
strength  as  the  base  mix  finished  by  methods  now 
in  common  use.  Such  a  mix  will  contain  approxi- 
mately from  0.2  to  0.(>  sack  of  cement  per  cubic 
yard  less  than  the  base  mix. 

4.  The  indications  are  that  the  effect  of  vibra- 
tion is  more  marked  where  angular  coarse  aggre- 
gates are  used  than  where  aggregates  having 
rounded  surfaces  are  used. 

5.  In  general,  it  appears  from  the  results  of 
these  tests  that  the  proper  use  of  the  vibratory 
method  of  finishing  should  result  in  an  improve- 
ment of  the  quality  of  concrete  pavements. 
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Figure  3. — Section  14  After  First  Passage  of  Finishing  Machine,  Showing  "Bull-Nose"  Attached  to  Front  Screed. 


RESULTS  OF  TESTS  DISCUSSED  IN  DETAIL 

The  data  are  discussed  first  with  the  idea  of  showing 
in  a  broad  general  way  the  effect  of  vibration  on  the 
average  of  all  comparable  concretes  containing  the  vari- 
ous aggregate  combinations  as  compared  to  the.  base 
mix  which  was  placed  as  the  standard  of  comparison. 
Thus,  on  the  basis  of  proportions  as  shown  in  table  2, 
the  results  of  tests  on  sections  2,  8,  14,  20,  38,  43,  50, 
and  .56  have  been  averaged  and  are  compared  to  a  sim- 
ilar average  of  the  eight  corresponding  base  sections 
(sections  1,  7,  13,  19,  37,  etc.)  to  give  a  general  picture 
of  the  effect  of  reducing  the  slump  to  about  1  inch  with- 
out changing  the  proportions.  In  a  similar  way,  the 
average  results  on  sections  3,  9,  15,  21,  etc.,  are  com- 
pared to  the  base  mix,  and  so  on.  It  will  be  noted  that 
each  average  value  for  slab  strength  obtained  as  above 
noted  includes  the  results  of  two  tests  on  each  of  four 
aggregate  combinations;  that  is,  gravel  with  coarse  sand, 
gravel  with  fine  sand,  crushed  stone  with  coarse  sand, 
and  crushed  stone  with  fine  sand.  Each  value  therefore 
represents  the  average  of  32  individual  tests.  It  is  felt 
that  these  four  combinations  represent  fairly  well  the 
typical  aggregates  in  use  at  the  present  time.  The 
results  for  slag  are  not  included  in  this  grouping,  first, 
because  slag  is  not  a  typical  aggregate  from  the  stand- 
point of  distribution  and,  second,  because  in  the  second 
round  slag  was  not  tested  in  combination  with  fine  sand 
>i>  that  an  average  including  slag  could  not  be  obtained 
from  a  series  containing  an  equal  number  of  tests  of  each 
combination. 

The  discussion  of  the  data  from  the  above  standpoint 
is  followed  by  a  comparison  of  the  effect  of  variations  in 


Figure  4. — Showtni 


Electric   Vibrating    Motor   Mounted 
on   Front  Screed. 


material  type  combinations;  that  irf,  the  effect  of  vibra- 
tion on  gravel  concrete  versus  crushed  stone  concrete, 
etc.  This,  in  turn,  is  followed  by  a  detailed  discussion 
of  uniformity  as  revealed  by  a  comparison  of  the 
strength  and  percentage  of  honeycomb  in  each  of 
the  four  test  slabs  comprising  each  test  section.  It  is 
felt  that  a  study  of  the  data  from  this  standpoint 
is  equally  as  important  as  a  discussion  of  average 
results  because  of  the  fact  that  uniformity  of  quality 
may  be  considered  as  important  a  characteristic  as 
average  quality. 
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Before  Finishing.  After  First  Passage  of  Finishing  Maciiixe. 

"k;ure  5. — Section  23,  Vibrated.     Aggregates,  Fine  Sand  and  Crushed  Stone;  Proportions,  1:1.7:3.8;  Slump,  I'i  [nches. 


VVERAGE  RESULTS  SHOW  EFFECT  OF  VIBRATION  FAVORABLE  WITH 
1-INCH  SLUMP:  1/2-INCH  SLUMP  TOO  DRY 

The  average  values  for  the  test  results  calculated  as 
indicated  above  are  shown  in  figure  6.  In  this  graph 
and  in  those  which  follow  lines  have  been  drawn  be- 
tween the  plotted  values  of  crushing  strength,  modulus 
of  rupture,  honeycomb,  and  strength  variation  in  order 
to  show  the  trends  in  the  values  of  these  quantities  with 
the  indicated  variations  in  slump,  water-cement  ratio, 
proportions,  and  type  of  finish.  These  curves  should 
doI  be  looked  upon  as  indicating  definite  quantitative 
relations,  since  the  abscissa  in  no  case  represents  a 
scalar  quantity. 

An  inspection  of  this  chart  reveals  a  number  of  inter- 
esting general  relations.  For  instance,  it  will  be  noted 
that  the  vibrated  slabs  containing  the  base  mix  at  1-inch 
>lump  (values  shown  in  the  second  column  of  figure  6) 
-how  somewhat  higher  strengths  and  somewhat  less 
honeycomb  than  the  standard-finish  base  mix  at  2-inch 
slump  (column  1).  In  view  of  our  experience  in  the 
first  series,  where  the  use  of  a  consistency  less  than 
2-inch  slum])  when  finished  in  the  usual  way  resulted  in 
lower  slab  strength  and  increased  honeycomb,  it  seems 
reasonable  to  assume  that  the  improvement  in  quality  is 
due  to  the  method  of  finishing;  that  is,  the  use  of  vibra- 
tion. However,  when  we  come  to  the  vibrated  base 
mix  at  \-ineh  slump  (column  3)  we  find  a  decrease  in 
slab  strength  as  well  as  a  marked  increase  in  honey- 
comb and  less  uniformity  in  strength.  This  would  in- 
dicate obviously  that  the  J-j-inch  slump  is  too  dry  for 
satisfactory  placement,  even  with  the  use  of  vibrators 
as  operated  in  these  tests.  The  only  increase  in 
strength  for  this  mix  is  noted  in  connection  with  the 
crushing  strength  of  cores  drilled  from  the  sections. 
However,  this  lack  of  concordance  between  flexural  and 
crushing  strength  is  not  surprising  for  the  following 
reason:  As  noted  previously,  considerable  care  was 
taken  in  drilling  cor.-  to  select  portions  of  the  slabs 
free  from  honeycomb.  Since  a  badly  honeycombed 
core  would  not  be  tested  in  ordinary  work  it  was  deemed 
besi  to  confine  these  tests  to  sound,  homogeneous  con- 
crete insofar  as  possible  and  to  study  the  effect  of 
honeycomb  through  a  study  of  variations  in  flexural 
-1  rength  as  well  as  by  direct  measurement  of  the  amount 
of  honeycomb  in  each  slab.  With  the  exception  of  the 
sections  in  group  '■'<  ..-inch  slump)  the  spread  between 
core  and  cylinder  strength  is  just  about  as  great  for  the 
standard-finish  sections  as  for  the  vibrated  sections. 
This  would  indicate  that,  except  in  the  case  of  the  very 
dry  mixes,  the  relatively  higher  core  strengths  are  not 
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Figure  6.     Series  A,    Effect  of   Vibration;   Averages  for 
Sei  ii"\-  Containing   Gravel   \m>  Crushed  Stoni 

due  to  the  effect  of  vibration.  In  the  case  of  the  con- 
crete having  a  '-inch  slump  it  is  probable  that  vibration 
did  lend  to  increase  the  crushing  strength  of  the  con- 
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crete.  On  the  other  hand,  the  cylinders  showed  a 
decrease  due  to  the  fact  that  the  /2-inch  slump  concrete 
was  probably  outside  the  range  of  consistency  to  which 
the  laboratory  relation  between  water-cement  ratio  and 
strength  applies. 

ADDITION  OF  ONE-FOURTH  PART  COARSE  AGGREGATE  INCREASES 
FLEXURAL  STRENGTH  AND  UNIFORMITY  OF  VIBRATED  SECTIONS 

Let  us  examine  next  the  three  groups  of  sections  in 
which  the  slump  was  decreased  by  increasing  the  pro- 
portion of  coarse  aggregate  instead  of  reducing  the 
water-cement  ratio  (columns  4,  5,  and  6).  It  will  be 
observed  that  the  addition  of  coarse  aggregate  does  not 
affect  the  crushing  strength  of  the  concrete,  but  that 
the  flexural  strength  of  the  vibrated  slabs  is  increased 
by  the  addition  of  one-fourth  part  coarse  aggregate  and 
is  reduced  as  the  amount  of  coarse  aggregate  is  increased 
beyond  one-fourth  part.  These  trends  seem  entirely 
reasonable  when  we  consider  that  the  core  strengths 
are  not  affected  to  the  same  extent  as  flexural  strength 
by  variations  in  the  uniformity  of  the  concrete  in  the 
slab.  It  is  interesting  to  note  that,  from  the  standpoint 
of  average  flexural  strength,  as  well  as  from  that  of 
uniformity  in  strength,  the  sections  in  group  4,  con- 
taining  one-fourth   part   additional    coarse    aggregate. 
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Figure  7. — Series  A,  PJffect  of  Vibration;  Averages  for 
Sections  Containing  Gravel. 


show  the  best  results.  It  is  true  that  variations  in 
neither  strength  nor  uniformity  are  of  considerable 
magnitude,  the  maximum  difference  in  slab  strength 
(column  4  as  compared  to  column  6)  being  only  about 
12  percent  of  the  strength  of  the  base  mix.  The  various 
trends,  however,  are  so  consistent  and  appear  so  reason- 
able from  a  theoretical  point  of  view  that  they  may  be 
assumed  to  be  indicative  of  real  variations  in  quality 
and  so  may  be  used  as  the  basis  for  conclusions  as  to 
the  effect  of  finishing  on  the  results. 

AGGREGATE  COMBINATIONS  STUDIED  SEPARATELY 

The  next  step  will  be  to  examine  the  various  material 
combinations  individually  in  order  to  ascertain  to  what 
extent  variations  in  materials  may  affect  the  results. 
The  values  for  each  of  the  six  combinations  from  which 
the  general  averages  were  obtained  have  been  regrouped 
in  figures  7,  8,  and  10,  so  as  to  bring  out  these  relation- 
ships. The  results  obtained  with  gravel  as  coarse  aggre- 
gate are  plotted  in  figure  7,  with  similar  data  for  crushed 
stone  in  figure  8.  It  will  be  observed  that  for  similar 
mixes  and  methods  of  finishing  the  sections  containing 
crushed  stone,  as  coarse  aggregate  show  somewhat 
higher  crushing  strengths  and  considerably  higher  flex- 
ural strengths  than  the  sections  containing  gravel. 
Attention  should  be  called  to  the  fact  that  these  differ- 
ences are  due  to  variations  in  the  physical  properties  of 
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tho  particular  aggregates  used  in  these  tests  and  not 
merely  to  the  fact  that  one  aggregate  happens  to  he 
crushed  stone  and  the  other  gravel.  Aggregates  from 
other  sources  might  well  have  shown  entirely  different 
relative  strengths  both  in  compression  and  in  flexure. 
In  figure  10  the  average  results  of  tests  on  concrete  con- 
taining gravel  and  crushed  stone  in  combination  with 
coarse  sand  are  compared  to  the  corresponding  averages 
for  concrete  containing  line  sand.  The  results  obtained 
with  slag,  which  were  not  included  in  the  general 
average  are  shown  in  figure  9. 

An  inspection  of  each  chart  reveals,  in  general,  the 
same  trends  as  are  shown  in  figure  (i.  In  all  cases  the 
highest  slab  strength  as  well  as  the  least  honeycomb 
is  found  in  the  vibrated  group  containing  one  fourth 
part  additional  coarse  aggregate  (column  4  in  each 
figure).  Likewise,  increasing  the  quantity  of  coarse 
aggregate  beyond  one  fourth  part  in  all  cases  decreased 
the  slab  strength  as  well  as  the  uniformity  of  the  con- 
crete as  compared  with  results  obtained  with  one  fourth 
additional  part.  The  curves  showing  these  relations 
are  remarkably  consistent  lor  all  three  coarse  aggre- 
gate types.  It  will  be  noted  also  that  in  the  sections 
containing  crushed  stone  and  slag  even  the  concrete 
containing  the  largest  amount  of  coarse  aggregate 
(column  6  of  figs.  8  and  9)  is  higher  in  flexural  strength 
than  the  base  mix  unvibrated.  Uniformity,  also,  is 
just  about  as  good. 
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Fi<;rRE  9. — Series  A,   Effect  of  Vibration-;  Averages  for 
Sections  Containing  Slag. 


The  effect  of  vibration  on  slab  strength  is  mosl 
marked  in  the  case  of  crushed  stone  (fig.  8)  and  least 
in  the  case  of  gravel  (fig.  7).  This  may  be  observed 
by  comparing  the  slab  strength  of  the  unvibrated 
concrete  (column  I  in  each  case)  with  the  strengths  of 
the  corresponding  vibrated  sections.  In  the  case  of 
crushed  stone  all  but  the  very  dry  concretes  (columns 
3  and  6)  show  marked  increase  in  slab  strength  under 
vibration.  In  the  case  of  gravel,  group  4  containing 
one  fourth  pari  additional  coarse  aggregate,  is  the  only 
one  showing  higher  slab  strength  than  the  base  or 
unvibrated  concrete.  In  the  case  of  slag,  the  three 
sections  carrying  additional  coarse  aggregate  are  higher 
in  strength  than  the  unvibrated  base  mix.  Both  the 
crushed  stone  and  slag  concretes  containing  the  drier 
mixes  (columns  3  and  f>  of  figs.  8  and  9)  show  slab 
strength  about  equal  to  the  unvibrated  concrete  in 
spite  of  the  fact  that  group  3  in  each  case  has  consider- 
ably more  honeycomb  than  the  base  mix.  It  is  inter- 
esting to  note  that,  in  general,  the  uniformity  of  the 
slag  concrete  is  as  good  as  that  shown  for  crushed  stone 
and  gravel. 

The  inability  of  the  vibrators  to  finish  very  dry 
croncrete  (K-inch  slum]))  is  shown  by  the  relatively 
low  strengths  and  high  percentages  of  honeycomb  in 
the  slabs  comprising  the  third  group  in  each  ease 
(column  3  of  figs.  7,  8,  and  9).  Variation  in  consistent 
apparently  had  a  smaller  effect  on  the  slab  strength  of 
slag  concrete  than  either  of  the  other  coarse  aggregates. 
Somewhat  less  honeycomb  in  the  case  of  the  dry  mix 
(group  3)  may  also  be  noted.  The  marked  difference 
in  crushing  strength  of  gravel  concrete  cylinders  with 
respect  to  cores  as  compared  to  similar  results  with 
crushed  stone  and  slag  should  also  be  noted.  In  the 
former  case  the  cores  average  about  1,500  pounds  per 
square  inch  higher  than  the  cylinders,  which  is  a  con- 
siderably greater  difference  than  is  shown  for  either  the 
stone  or  slag  concrete. 

COARSE  VERSUS  FINE  SAND 

In  figure  10,  the  test  results  for  all  sections  using 
crushed  stone  and  gravel  in  combination  with  coarse 
sand  as  fine  aggregate  have  been  averaged  and 
are  compared  to  the  results  for  the  corresponding 
concretes  in  which  the  fine  sand  was  used. 

The  same  general  relationships  appear  except  that 
the  adverse  effect  of  using  the  dry  mix  is  more  marked 
in  the  case  of  coarse  sand.  The  average  slump  is, 
however,  considerably  lower;  that  is,  %  inch  as  com- 
pared to  '•■  inch  for  the  fine  sand.  The  average  differ- 
ence in  slab  strength  as  compared  to  beam  strength  is 
more  marked  in  the  case  of  the  fine  sand,  especially 
for  the  unvibrated  concrete  and  for  the  two  groups 
of  vibrated  concrete  containing  the  base  mix  with 
lower  water-cement  ratio.  The  tendency  for  the  slab 
strengths  to  drop  at  a  greater  rate  than  the  beam 
strengths  for  increasing  percentages  of  coarse  aggre- 
gate  should  also  lie  noted  in  this  as  well  as  in  the  other 
graphs.  The  general  agreement  between  the  results 
of  strength  tests  on  cores,  cylinders,  and  beams  for 
concretes  having  practically  the  same  water-cement 
ratio  (columns  1,   1,  5,  and  6)  is  also  of  interest. 

UNIFORMITY  OF  INDIVIDUAL  SECTIONS  COMPARED 

In  order  to  bring  out  clearly  the  effeci  of  honeycomb 
on  slab  strength  the  results  of  the  lots  for  flexural 
strength  of  each  of  the  four  27-inch  slabs  in  each  test 
section  have  been  plotted  in  figures  12,  13,  and  11. 
The    data    arc    also    shown    in    table    ■">.      These    are    the 
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Figure  10. — Series  A.  Effect  of  Vibration;   Averages  for  Section's  Containing  Gravel  and  Crushed  Stone,  Separati 

According  to  Fine  Aggregates  Used. 
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individual  values  from  which  the  average 
values  shown  in  figures  6,  7,  S,  9,  and  10 
were  derived.  The  effect  of  honeycombing 
on  strength  is  immediately  apparent.  In 
practically  every  case  we  find  that  the 
highest  strengths  obtained  for  any  test  sec- 
tion were  on  slabs  containing  less  than  3 
percent,  honeycomb,  whereas  those  slabs 
showing  an  excess  of  10  percent  honeycomb 
developed  much  lower  strengths.  The 
effect  of  using  dry  consistencies  on  the  ex- 
tent of  honeycomb  is  also  brought  out. 
Marked  examples  of  the  effect  of  honey- 
comb on  strength  and  the  effect  of  consist- 
ency on  the  amount  of  honeycombing  are 
sections  3,  12,  and  39  in  figure  12  (all  of 
which  showed  %  inch  or  less  slump),  sections 
1.".,  21,  24,  and  51  of  figure  13  (all  %-inch 
slump  or  less)  and  section  27  in  figure  14. 
On  the  other  hand,  those  sections  showing 
the  least  honeycomb  and  greatest  uni- 
formity are,  in  general,  the  vibrated  sec- 
tions in  which  the  slump  was  in  excess  of  1 
inch.  There  are  some  exceptions  to  this, 
as  for  instance,  section  45  (fig.  12)  with  1- 
inch  slump  and  less  than  3  percent  honey- 
comb in  any  slab.  This  section  also  showed 
a  high  degree  of  uniformity.  It  will  be 
noted  that  honeycombing  exists  in  almost 
all  of  the  standard-finish  sections  for  an 
average  slump  of  2Y4  inches  orless.  Section 
44  (fig.  12)  with  2^-ineh  slump,  and  section 
til  (fig.  14)  with  2%-inch  slump,  were  the 
only  ones  with  all  slabs  showing  less  than 
8  percent  honeycomb. 

VARIATION    OF    CONSISTENCY    BETWEEN    HOUNDS 
1  AND  2  NOTED 

Further  reference  to  figures  12,  13,  and 
14  reveals  another  interesting  fact.  It  will 
be  noted  that,  in  general,  there  is  consider- 
ably less  honeycombing  in  the  sections  constructed  dur- 
ing the  second  round  than  in  those  built  during  round  1 . 
For  instance,  40,  or  28  percent,  of  the  144  individual  slabs 
tested  in  round  1  showed  more  than  10  percent  honey- 
comb, whereas  only  11,  or  !)  percent,  of  118  slabs  tested 
during  the  second  round  showed  more  than  10  percent. 
Two  groups  in  the  second  round  were  practically  free 
from  honeycomb  exceeding  3  percent,  gravel  concrete 
with  fine  sand  (fig.  12)  and  slag  with  coarse  sand  dig.  14 ), 
the  latter  group  containing  only  one  slab  with  more  than 
3  percent  honeycomb,  whereas  the  former  contained  no 
slabs  showing  honeycomb  in  excess  of  3  percent.  The 
difference  between  the  first  and  second  round  in  the  case 
of  the  fine  sand  and  gravel  concrete  may  be  explained  by 
the  fact  that  during  the  second  round  the  slump  was 
considerably  greater  than  during  round  1  although  the 
same  proportions  were  used  in  both  cases.  As  a  matter 
of  fact  the  average  net  water-cement  ratio  during 
round  2  was  somewhat  lower  than  during  the  first  round. 
This  difference  in  consistency  may  possibly  be  explained 
by  the  comparatively  low  relative  humidity  of  the 
atmosphere  (48  percent)  on  the  day  on  which  sections 
7  to  12  were  laid  as  compared  with  the  humidity  noted 
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Both  days  were  sunny  and  hot,  with  average  tempera- 
tures over  !)0°  F.  There  seems  to  be  no  other  reason 
which  would  account  for  the  marked  difference  in 
consistency  which  was  observed. 

This  difference  in  consistency  illustrates  very  forcibly 
the  difficulty  of  controlling  this  very  essentia!  property 
of  concrete  under  field  conditions.  Here  we  have  a 
condition  where  variations  in  the  humidity  undoubtedly 
affected  the  consistency  to  a  marked  degree.  Under 
such  conditions  it  is  impossible  to  maintain  both  pro- 
portions and  water-cement  ratio  and  to  expect  the  con- 
sistency to  also  remain  constant.  Therefore,  inasmuch 
as  consistency  must  be  closely  controlled,  and  it  is 
impractical  to  be  constantly  changing  batch  weights  in 
older  to  take  care  of  variations  therein,  the  question 
arises  as  to  whether  we  should  attempt  to  con- true t  con- 
crete pavements  under  a  straighl  water-cement  ratio 
specification,  rather  than  a  specification  in  which  the 
proportions  and  consistency  are  fixed  and  the  water 
content  is  allowed  to  vary  up  to  a  fixed  maximum. 

In  the  case  of  the  coarse  sand  and  slag  combination 
1  fig.    14)   the   marked   difference  in   honeycombing  ob- 
served   between    the    two    rounds    is    not    explained    In- 
differences  in    consistency.      Only    in    the    case   of    the 
during  the  construction  of  sections  43  to  48  (65  percent),    unvibrated  concrete  was  the  difference  in  slump  more 
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than  one  half  inch.  Sections  27  and  63 
show  the  greatest  divergence  as  far  as 
workability  is  concerned.  The  slump  in 
both  cases  was  one  half  inch.  Sections  25 
to  30  (round  1)  were  laid  on  a  damp,  cloudy 
day  (average  temperature  76°  F.,  relative 
humidity  88  percent)  whereas  sections  61 
to  66  were  laid  on  a  rather  cool,  clear  day 
with  average  temperature  of  69°  F.  and  rela- 
tive humidity  of  46  percent.  Under  such 
conditions  it  would  be  reasonable  to  sup- 
pose that  the  concrete  laid  during  round  1 
when  the  relative  humidity  was  88  percent 
would  not  dry  out  so  fast  as  the  concrete 
laid  during  round  2  when  the  atmosphere 
was  much  drier.  Actually,  the  reverse 
appeared  to  be  the  case. 

RELATION  BETWEEN   WORKABILITY    AND  SLUMP 
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Figure  13. 


To  show  the  average  effect  of  variation  in 
consistency  (slump)  on  the  workability  of 
both  the  vibrated  and  unvibrated  concrete, 
the  average  percentage  of  honeycomb  in  all 
slabs  constructed  of  concrete  having  a  given 
consistency  and  finished  in  a  given  manner 
has  been  determined  for  each  value  of  slum]) 
within  the  range  studied,  that  is,  between 
0  and  3  inches.  The  results  are  shown 
graphically  in  figure  17.  In  this  figure,  the 
curve  showing  the  relation  between  slump 
and  percentage  of  honeycomb  for  each 
method  of  finishing  has  been  drawn  so  as  to 
represent  a  weighted  average  of  the  various 
points.  In  other  words,  in  establishing  the 
average  line,  due  consideration  was  given 
to  the  number  of  individual  tests  repre- 
sented by  each  point.  This  number  varied 
from  1  to  14,  depending  upon  the  number 
of  sections  having  a  given  slump. 

It  will  be  observed  in  figure  17  that,  for  a  given  con- 
sistency, the  average  amount  of  honeycomb  in  the  slabs 
finished  by  vibration  is  considerably  less  than  in  the 
slabs  finished  by  the  standard  method.  It  would 
appear  from  these  data  that  the  2-inch  minimum  slum]) 
recommended  in  the  previous  report  for  paving  mixes 
to  be  finished  under  standard  methods  did  not,  under 
the  conditions  of  these  tests,  completely  eliminate 
honeycomb.  As  a  matter  of  fact,  at  2-inch  slump  an 
average  amount  of  honeycomb  of  approximately  5  per- 
cent is  noted,  whereas  in  the  first  series  honeycombing 
was  almost  entirely  eliminated  at  2-inch  slunip,  except 
where  the  so-called  "B  grading"  gravel  was  used  as 
coarse  aggregate.  (See  fig.  23,  Public  Roads,  August 
1931.) 

Several  explanations  may  be  advanced  to  account 
for  this  difference.  In  the  first  place  the  coarse  aggre- 
gate used  in  the  first  series  was  divided  in  3  sizes, 
whereas  only  2  sizes  were  used  in  the  present  series. 
This  may  possibly  account  for  the  difference  in  worka- 
bility. Again  in  the  original  series  the  subgrade  was 
protected  with  tar  paper,  whereas,  in  the  present  series, 
the  slabs  were  cast  direct  upon  the  subgrade.  It  is 
possible  that  the  tar  paper,  acting  somewhat  as  a  form, 
prevented  the  segregation  of  mortar  and  coarse  aggre- 
gate on  the  bottom  surface  of  the  slab,  thus  reduc- 
ing the  percentage  of  visible  honeycomb  to  a  certain 
extent. 
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Of  course,  from  the  standpoint  of  this  investigatioi 
the  most  important  consideration  is  the  difference  i 
slump  for  standard-finished  concrete  as  compared  wit 
vibrated  concrete  of  the  same  degree  of  workability 
(percentage  of  honeycomb).  This  difference  seems  t 
be  in  the  neighborhood  of  \%  inches.  For  instance,  i 
order  to  insure  concrete  substantially  free  from  hone} 
comb  (and  for  the  purpose  of  this  discussion  3  percen 
will  be  considered  the  upper  limit  for  this  condition) 
minimum  slump  of  about  2}{  inches  will  be  require 
when  the  concrete  is  finished  in  the  usual  way  compare 
with  about  a  1  -inch  slump  when  the  concrete  is  vibrated 
It  will  be  seen  therefore  that,  if  anything,  the  minimur 
slum])  of  2  inches  recommended  in  the  first  repoi 
instead  of  being  higher  than  necessary  was  not  nig 
enough  to  eliminate  honeycombing.  In  other  words 
the  results  of  the  present  series  not  only  substantial 
the  conclusions  reached  in  the  first  report,  but  seem  t 
indicate  that  a  minimum  slunip  of  2%  inches  instead  c 
2  inches  may  be  advisable  in  cases  where  the  concret 
is  finished  in  the  usual  way. 

TENDENCY  to  honeycomb  in  valley  between  batches 

SHOWN  IN  STANDARD  SECTIONS 

A  study  of  the  distribution  of  honeycomb  on  th 
bottom  of  the  four  27-inch  slabs  composing  each  tes 
section  of  series  A  reveals  some  interesting  facts.  Fo 
the  purpose  of  this  discussion  the  four  slabs  in  a  tes 
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section  will  be  numbered  from  1  to  4,  beginning  on  the 
right-hand  side  when  facing  in  the  direction  of  the  move- 
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nient  of  the  paver.  Two  27-cubic-foot  batches  of  con- 
crete were  required  to  construct  each  section.  The  first 
batch  was  dumped  from  a  position  in 
the  center  of  slab  3  and  spread  both 
u  ays  into  slabs  2  and  4.  The  second 
batch  was  dumped  from  over  the 
center  of  slab  I  and  spread  oul  into 
slab  2,  overlapping  the  concrete  from 
the  first  batch.  The  longitudinal 
valley  between  adjacent  batches  was 
therefore  in  slab  2.  It  may  be  noted 
that  of  the  I L  standard-finished  sec- 
tions in  series  A,  slab  2  showed  the 
greatest  amount  of  honeycomb  in  9 
cases,  with  slabs  1  and  4  each  show- 
ing the  maximum  in  1  case.  This 
would  indicate  a  distinct  tendency  to 
honeycomb  in  the  valley  between 
the  two  batches  and  points  to  the 
necessity  for  care  in  spotting  batches 
of  concrete  during  actual  construction 
in  order  to  minimize  this  condition. 

Of  the  4.'}  vibrated  sections  showing 
honeycomb,  slab  2  contained  the 
largest  amount  in  10  cases,  slab  4  in 
22  cases,  and  slab  1  in  11  cases. 
This  distribution  shows  the  greatest 
amount  of  honeycomb  in  the  end 
slabs  (nos.  1  and  4)  in  about  75  per- 
cent of  the  cases  and  is  quite  differ- 
ent from  that  occurring  with  the 
screeded  sections,  where  82  percent 
of  the  sections  showed  maximum 
honeycomb  in  slab  2.  Inasmuch  as 
the  procedure  used  in  dumping  was 
exactly  the  same,  an  explanation  of 
the  difference  may  lie  in  the  vibra- 
tory effect  which  was  possibly  some- 
what greater  in  the  center  of  the 
screed  than  at  the  ends. 


Figure    14. 


-Series    A,   Effect    of  Vibration;   Flexural  Strength   at  7 
Months  of  Slag  Concrete  Pavement  Slabs. 
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Figure    15. — Series    A,    Effect     of     Vibration;    Results    of    Density     and 
Absorption  Tests.  Sections  in  Each  Group  Arranged  from  Left  to  Right 

as  in  Figure  6. 


NO    TENDENCY    OF   SEPARATORS    TO    CAUSE 
HONEYCOMB  OBSERVED 

At  the  time  of  the  former  inves- 
tigation, a  question  was  raised  as  to 
the  effect  of  the  wooden  separators 
installed  for  the  purpose  of  creating 
planes  of  weakness  on  the  aniouni 
and  distribution  of  honeycomb  in 
the  slabs.  It  was  felt  that  the  sep- 
arators might  have  interfered  with 
the  distribution  of  concrete  on  the 
subgrade  resulting  in  the  concentra- 
tion of  honeycomb  areas  at  and  near 
the  separators.  A  very  careful  in- 
spects  f  all  of  the  test  slabs  com- 
prising this  series  has  failed  to  reveal 
any  particular  trend  along  this  line 
and  it  is  felt  that  there  was  no  tend- 
ency in  this  direction.  In  other 
words,  it  seems  safe  to  assume  that, 
other  things  being  equal,  the  same 
amount  and  distribution  of  honey- 
comb would  have  occurred  on  an 
actual  pavement  as  was  observed  in 
this  test. 
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Figure   16. — Section  40,   Vibrated.     Aggregates,  Coarse  Sand  and  Gravel;  Proportions,  1:1.6:3.7;  Slump,  V{  Inches. 

face  of  the  5  vibrated  sections  may  be  compared  di- 
rectly to  the  standard-finish  section  for  that  particular 
group.  In  general,  the  vibrated  sections  show  slightly 
less  surface  wear,  although  the  difference  is  not  suffi- 
ciently marked  to  warrant  any  general  conclusion  re- 
garding this  property  of  the  concrete.  It  may  safely 
be  assumed,  however,  on  the  basis  of  these  tests,  that 
vibration  does  not  adversely  affect  the  surface  hardness 
of  the  pavement. 

It  is  of  interest  to  note  that  the  hardness  of  the  stand- 
ard-finish concrete  appears  to  be  slightly  affected  by  the 
material  combinations.  Sections  containing  the  fine 
sand  seem  to  be  somewhat  lower  in  resistance  to  wear 
than  the  corresponding  sections  with  coarse  sand.  The 
same  comment  applies  to  the  crushed-stone  concrete  as 
compared  to  gravel.  In  the  latter  case  the  difference 
in  hardness  is  probably  due  to  the  fact  that  a  somewhat 
higher  water-cement  ratio  was  used  in  the  crushed  stone 
concrete.  Inasmuch  as  wear  was  confined  to  the  mor- 
tar surface,  the  type  of  coarse  aggregate  did  not,  of 
course,  directly  affect  the  results. 

DENSITY  AND  ABSORPTION  DISCUSSED 

In  figure  15,  there  have  been  plotted  average  values 
for  density  and  absorption  of  cores  drilled  from  the 
sections  in  series  A.  It  will  be  seen  that  in  each  group 
the  final  densities  of  the  vibrated  concretes  are,  with 
the  exception  of  groups  2  and  3  in  the  case  of  slag  with 
coarse  sand,  all  higher  than  the  densities  of  the  corre- 
sponding base  mixes;  and  that,  in  general,  the  density 
increases  with  increased  coarse-aggregate  content  (nos. 
4,  5,  and  6  in  each  group).  These  variations  in  density 
could,  of  course,  be  accounted  for  on  the  basis  of  the 
decreased  water  or  increased  proportion  of  coarse 
aggregate  in  the  mix  provided  it  could  be  assumed  that 
the  freshly  mixed  concretes  were,  in  all  cases,  free  from 
air  voids.  However,  it  is  felt  that  in  the  case  of  series 
A  where  all  of  the  vibrated  sections  were  drier  than  the 
base  mix  and  where  several  carried  more  coarse  aggre- 
gate, this  assumption  cannot  be  made.  In  other  words, 
it  seems  reasonable  to  assume  that  in  the  case  of  the 
vibrated  sections  all  of  the  freshly  mixed  concrete 
contained  more  air  voids  than  the  base  mix.  The  fact 
that  the  final  densities  arrange  themselves  in  about  the 
same  relative  order  as  the  densities  of  the  freshly  mixed 
concretes  calculated  without  correction  for  air  voids  is 
an  indication  that  air  voids  were  eliminated  during  the 
finishing  operation.     Of  course,  the  important  feature. 


"  O  I  2  3  d 

SLUM  P-INCHES 

Figure     17. — Series    A,     Effect    of    Vibration;     Relation 
Between  Honeycomb  and  Slump. 

vibration  does  not  adversely  affect  surface  wear 

The  results  of  the  tests  for  surface  wear  are  shown  in 
figure  18.  The  depth  of  wear  is  reported  at  the  end  of 
both  400  and  600  revolutions.  Each  value  is  the  aver- 
age of  either  2  or  3  individual  tests  on  different  slabs. 
For  each  group  of  6,  the  average  hardness  of  the  sur- 
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so  fin-  ;is  these  tests  are  concerned,  is  thai  we 
actually  obtained,  by  the  use  of  the  vibratory 
method  of  finishing,  the  increased  densities  cor- 
responding to  the  changes  in  the  quantity  of 
water  and  coarse  aggregate  which  were  made. 
Although  density  tests  were  not  made  during 
the  former  tests  it  is  extremely  improbable, 
in  view  of  the  inability  of  the  conventional 
finishing  machine  to  place  the  harsher  mixes 
properly,  that  corresponding  increases  in  den- 
sity were  obtained. 

Absorption  tests,  in  general,  parallel  the 
density  tests  as  would  he  expected.  Absorp- 
tion is,  of  course,  of  interest  as  a  possible 
measure  of  the  relative  ultimate  durability  of 
the  concrete.  The  slat;  concrete,  as  would 
also  he  expected,  shows  considerably  higher 
absorption    than    either   of   the    other    coarse 


Figure    18. — Series    A,    Effect   of    Vibration    on    Surface    Wear. 


SERIES  B:  TESTS  TO  DETERMINE  EFFECT  OF  DELAYED  FINISHING  (JOHNSON  METHOD) 


In  this  series  a  method 
of  finishing  concrete  pave- 
ment slabs  proposed  by 
Mr.  T.  H.  Johnson,  of 
Sioux  City,  Iowa,  and 
known  as  the  "Johnson 
method",  was  investi- 
gated.1 In  all  40  sections 
were  constructed,  10  with 
gravel  as  coarse  aggregate, 
16  with  crushed  stone  as 
coarse  aggregate,  and  8  in 
which  the  total  aggregate 
was  a  sand-gravel  mixture 
approximating  in  grading 
the  so-called  "Platte  River 
gravel"  used  extensively 
in  Nebraska  and  western 
Iowa.  The  gravel  and 
crushed-stone  sections 
were  further  subdivided 
as  to  fine  aggregate,  an 
equal  number  of  sections 
in  each  group  being   con- 


\  ■  lit  ailed  discussion  of  the  theor\ 
underlying  this  method  was  pn 
by  Mr.  Johnson  at  the  twenty-third  an- 
nua! meeting  of  the  American  Concrete 
Institute  in  1927.  (See  Proc  A.C.I., 
vol.  23,  p.  458.) 


JOHNSON  METHOD  INCREASES 
STRENGTH  AND  DENSITY   OF   CONCRETE 

The  following  conclusions  have  been  derived 
from  tests  comparing  the  Johnson  method  of 
finishing  pavement  concrete  with  the  standard 
method. 

1.  The  use  of  the  Johnson  method  of  finishing 
as  carried  out  in  these  tests  will  increase  the 
density  and  strength  of  concrete  pavement  slabs 
by  eliminating  a  larger  quantity  of  excess  water 
before  final  consolidation  than  is  accomplished 
by  the  methods  now  in  common  use. 

2.  The  application  of  the  Johnson  method  of 
finishing  to  a  mix  containing  approximately 
one  half  part  more  fine  and  one  part  more  coarse 
aggregate  than  the  base  mix  will  produce  rave- 
ment  slabs  having  substantially  the  same  crushing 
and  flexural  strength  as  the  base  mix  finished  by 
methods  now  in  common  use.  Such  a  mix  will 
contain  approximately  one  sack  of  cement  per 
cubic  yard  of  concrete  less  than  the  base  mix. 

3.  In  general,  the  indications  of  these  tests  are 
that  the  proper  use  of  the  Johnson  method  of 
finishing  should  result  in  an  improvement  in  the 
quality  of  concrete  pavements. 


structed  with  coarse  and 
fine  sand.  A  gg  rega  t  e 
gradings  and  other  char- 
acteristics are  given  in 
table  1. 

SAME  STANDARD  MIX  AS  IN 
SERIES  A  USED  AS  BASIS  OF 
COMPARISON 

For  each  aggregate  com- 
bination, except  t  he  Platte 
River  gravel,  a  base  mix 
of  the  same  proportions 
as  used  in  series  A  was 
set  up  as  the  standard  of 
comparison.  This  base 
mix  was  finished  with  the 
standard  double-screed  fin- 
ishing machine  in  the  usu- 
al way.  For  direct  com- 
parison with  this  standard 
or  base  mix  there  were 
const ructed  three  sections 
with  mixes  varying  from 
I  he  base  asindicated  below. 
This  made  a  total  of  four 
sections  per  round  for  each 
aggregate       combination. 
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Figure  20. — Series    B,   Effect    of   Johnson    Finish;    Averages    for 
Sections  Containing  Gravel  and  Crushed  Stone. 
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Figure  21. — Series  B,  Effect  of  Johnson  Fin- 
ish; Averages  for  Sections  Containing 
Crushed  Stone. 


For  the  second  section  of  each  group  the  base  propor- 
tion was  used  but  the  water  content  was  increased  to 
give  a  slump  of  approximately  3  inches  instead  of  2 
inches.  This  section  was  finished  by  the  Johnson 
method.  The  third  section  in  each  group  was  pro- 
portioned to  contain  one  half  part  more  fine  aggregate 
and  one  part  more  coarse  aggregate  by  volume  than 
the  base  mix  and  was  finished  in  the  standard  manner. 
The  water  content  in  this  section  was  adjusted  to 
give  a  slump  of  about  2  inches  and  the  water-cemenl 
ratio  averaged  about  0.15  higher  than  that  of  the  base 
mix.  The  cement  factor  averaged  1.2  bags  per  cubic 
yard  less  than  in  the  case  of  the  base.  The  fourth 
section  was  a  mix  similar  to  the  third  except  that  the 
water  content  was  increased  to  give  approximately  1 
inch  greater  slump.  This  section  was  finished  by 
the  Johnson  method  in  the  same  manner  as  the  second 
section  in  the  group.  In  table  3  the  proportions,  shun]), 
water-cement  ratio,  and  method  of  finishing  for  each  of 
the  sections  in  series  B  are  given.  These  data  are 
similar  to  the  data  shown  in  table  2  for  series  A. 


It  will  be  seen  that  this  arrangement  makes  it  possible 
to  compare  for  each  group  of  four  sections  the  results 
obtained  by  the  Johnson  method  with  the  standard, 
first,  on  the  basis  of  the  same  mix  except  for  a  somewhal 
wetter  consistency  ;  and,  second,  on  the  basis  of  not  only 
a  wetter  but  also  a  considerably  leaner  mix  than  the 
base.  It  is  also  possible  to  compare  the  lean-mix 
Johnson-finished  sections  with  a  similar  mix  containing 
less  water  and  finished  in  the  usual  way. 

The  data  for  the  eight  sections  in  which  the  sand- 
gravel  mix  was  used  are  also  shown  in  table  3.  Here 
the  base  mix,  standard  finish,  was  1  :4  by  volume,  with 
sufficient  water  to  give  approximately  a  2-inch  slump. 
As  a  comparison,  a  similar  mix  with  more  water  was 
finished  by  the  Johnson  method.  The  group  of  4  was 
completed  by  2  sections,  I  'A}{  mix  by  volume,  1  finished 
by  the  standard  method,  and  1,  somewhal  wetter,  l>\ 
the  Johnson  method.  Two  complete  rounds  of  tests 
for  each  aggregate  combination  were  run  in  series  B, 
making  the  total  of  40  sections  in  groups  of  1  each  as 
above  indicated. 
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I'n. i  re  22.—  Series  B,  Effect  of  Johnson  Finish;  Averages  for  Sei 
cions    Containing    Gravel    \nd   for   Sections   Containin( 
River  Combination. 


The  laying  of  these  sections  was  started  September 
29,  Idol,  and  completed  October  5,  1931,  progress  being 
a  i  t  he  rate  of  8  sections  per  day. 

METHODS  OF  FINISHING  DESCRIBED 

The  procedure  used  in  finishing  the  concrete  by  the 
Johnson  method  was  as  follows.  Immediately  after 
the  concrete  was  deposited  on  the  subgrade  it  was  struck 
off  with  a  hand  screed.  It  was  then  floated  with  a 
long-handled  wooden  float  12  inches  wide,  20  inches 
long,  and  2'4  inches  thick.  The  thickness  was  obtained 
through  the  use  of  a  1%-inch  cypress  plank  with  a 
-inch  oak  plank  nailed  to  the  bottom,  the  oak  making 
contact  with  the  concrete.  After  floating,  the  surface 
was  rolled  with  a  light-weight  sheet-metal  roller.  The 
roller  was  operated  from  side  to  side  of  the  pavement 
and  was  advanced  about  1  foot  longitudinally  with 
each  passage.  The  entire  surface  was  rolled  three 
times,  after  which  it  was  belted.  This  was  followed  by 
the  application  of  the  so-called  "dry   mix"  to  the  sur- 


face. This  mixture  was  made  up  of  1  part 
cement  to  1  part  of  fine  sand  by  volume 
and  was  spread  over  the  surface  with  shovels 
at  a  rate  of  1  sack  of  cement  per  20  square 
yards  of  pavement.  For  a  7-inch  pave- 
ment this  would  be  equivalent  to  increasing 
the  total  amount  of  cement  used  about  0.25 
bag  per  cubic  yard  of  concrete.  Just  enough 
of  the  mixture  was  applied  to  give  a  very  thin 
continuous  cover.  (See  fig.  19.)  The  sand 
used  for  this  purpose  was  the  same  as  the  fine 
sand  used  in  the  concrete  mixture  and  con- 
tained approximately  5  percent  of  moisture 
when  mixed  with  the  cement.  After  an  inter- 
val of  1 1  to  50  minutes,  depending  upon  the 
amount  of  water  brought  to  the  surface  by  the 
dry  mix,  the  surface  was  again  belted. 

The  second  belting  was  followed  by  floating 
with  hand  floats  at  intervals  until  there  was 
little  moisture  brought  to  the  surface  and  the 
concrete  became  sticky  and  was  drawn  along 
by  the  float.  This  general  procedure  was  some- 
times varied  by  belting  between  floating  opera- 
tions and  by  additional  rollings.  The  number 
of  floatings  necessary  to  bring  the  surface  to  the 
re<  |  uired  condition  after  the  dry  mix  was  applied 
varied  from  3  to  7  and  the  elapsed  time  from 
the  placing  of  the  concrete,  to  the  final  floating 
varied  from  2}i  to  3%  hours.  The  various  de- 
tails of  the  operation  as  described  above  are 
illustrated  in  figure  19. 


COMPARATIVE  RESULTS   BY   JOHNSON    AND  STANDARD 
METHODS  ANALYZED 


The  effect  of  the  Johnson  method  of  finish- 
ing on  the  strength  and  uniformity  of  the 
concrete  is  shown  graphically  in  figures  20  to 
25,  inclusive.  The  data  are  shown  in  the  same 
manner  as  the  corresponding  data  for  series 
A,  and  include  average  results  of  crushing- 
strength  tests  on  cores  and  cylinders,  tests  for 
i  in  id  ul  us  of  rupture  on  slabs  and  control  beams, 
and  determinations  of  uniformity, measured  by 

(a)  the  amount  of  honeycomb  in  the  slabs  and 

(b)  the  average  percentage  variation  in  slab 
In  figure  20  the  average  results  of  tests  for  the 

crushed  stone  and  the  gravel  concrete  for  each  sand  are 
shown.  Figure  2 1  gives  similar  data  for  the  crushed  stone 
concrete  only,  while  in  figure  22  the  corresponding  results 
for  the  gravel  and  the  Platte  River  combination  are 
shown.  In  the  case  of  the  crushed  stone  and  gravel 
concrete  (figs.  21  and  22)  the  values  for  the  sections 
containing  the  fine  and  coarse  sand  have  been  averaged. 
Figures  23,  24,  and  25  give,  for  series  B,  the  results  of 
tests  on  individual  slabs  taken  from  the  test  sections. 

It  will  be  noted  that  in  the  case  of  figures  20,  21,  and 
22  the  results  are  plotted  so  as  to  provide,  for  each 
proportion,  a  direct  comparison  between  the  strengths 
obtained  under  the  Johnson  method  and  those  obtained 
under  the  standard  method.  Each  point  represents 
the  average  of  tests  on  four  sections,  except  that  in  the 
case  of  the  Platte  River  concrete  (fig.  22,  right-hand 
panel)  each  point  averages  only  two  sections.  An 
inspection  of  these  figures  shows  ;it  once  some  very 
interesting  trends. 
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johnson  method  shows  higher  coke  and  slab  strengths 

For  instance,  it  will  be  noted  that,  although  ;i  some- 
what wetter  mix  and  consequently  higher  water-cement 
ratio  was  used  in  each  Johnson-finished  section  as 
compared  with  the  corresponding  standard-finished 
concrete,  in  every  case  higher  core  and  slab  strengths 
were  obtained  on  the  sections  finished  by  the  Johnson 
method.  On  the  other  hand,  the  strengths  of  the  con- 
trol specimens  representing  the  concrete  going  into 
the  Johnson-finished  slabs  were  lower  than  those  repre- 
senting the  corresponding  standard  sections.  This,  of 
course,  would  be  expected  because  of  the  higher  water 
ratios.  The  fact  that  higher  strengths  were  obtained 
for  the  Johnson  finish  is  undoubtedly  due,  at  least 
insofar  as  crushing  strength  is  concerned,  to  the  special 
manipulation  which  was  given  the  concrete,  resulting 
in  the  removal  of  considerable  water  before  final  con- 
solidation took  place.  The  control  specimens  were,  of 
course,  not  subjected  to  this  manipulation  and  con- 
sequently retained  the  excess  water  with  a  resultant 
lowering  of  the  strength.  As  to  the  increased  slab 
strength  shown  by  the  Johnson  finished  concrete,  it  is 
possible  that  a  portion  of  the  increase  is  due  to  the 
influence  of  consistency  on  honeycombing  and,  con- 
sequently, on  slab  strength,  entirely  apart  from  the 
removal  of  water  during  the  finishing  operat  ion. 
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Referring  now  specifically  to  figure  20,  let  us  compare 
first  the  results  of  the  core  tests  for  the  base  mix 
(proportion  A).  The  average  crushing  strength  of 
sections  containing  both  coarse  and  fine  sand  shows  an 
increase  for  the  Johnson  sections  of  about  600  pounds  per 
square  inch  or  approximately  8  percent  of  the  average 
strength  of  the  standard-finish  base  mix.  The  corre- 
sponding control  cylinders  show  a  slight  decrease  in 
strength  as  would  be  expected.  This  decrease  averages 
about  250  pounds  per  square  inch  and  corresponds  to 
an  increase  in  water-cement  ratio  of  0.03.  For  the 
leaner  mix  (proportion  B)  the  average  increase  in  core 
strength  is  about  f,000  pounds  per  square  inch,  or 
approximately  IS  percent.  The  grand  average  increase, 
including  all  sections,  is  therefore  about  13  percent  in 
favor  of  the  Johnson  method  of  finishing.  Inasmuch  as 
the  only  difference,  aside  from  water  content  and  con- 
sistency, was  the  method  of  finishing,  it  may  be  con- 
cluded that  the  higher  average  strength  shown  for  the 
cores  drilled  from  the  Johnson  sections  is  due  to  the 
method  of  finishing.  It  is  also  interesting  to  note  that 
the  average  core  strength  of  the  Johnson-finished  slabs 
in  the  lean  mix  (ave.  in/c  =  0.93)  is  only  about  200 
pounds  per  square  inch  lower  than  that  of  the  cor- 
responding cores  for  the  richer  mix  (ave.  »'/c  =  0.73) 
with  standard  finish.  The  cylinders  are  about  1,(300 
pounds  per  square  inch  lower  in  strength. 

The  same  general  trends  follow  in  the  case  of  flexure. 
For  proportion  A,  the  average  increase  in  modulus  of 
rupture  in  favor  of  the  Johnson  finish  is  about  75  pounds 
per  square  inch  or  roughly  9  percent.  For  proportion 
B,  the  increase  is  about  the  same.  The  control  beams, 
which  were,  of  course,  fabricated  in  the  usual  way  show 
no  increase  but,  on  the  other  hand,  a  decrease  in  strength 
with  increase  in  water  content  in  the  same  manner  as  the 
control  cylinders.  Considering  the  small  number  of 
specimens  represented  by  each  point  (8  in  the  case  of 
cores,  cylinders,  and  beams,  and  16  in  the  case  of  slabs) 
the  results  are  remarkably  concordant.  As  in  the  case 
of  the  cores  the  Johnson-finished  slabs  containing  the 
lean  mix  show  an  average  modulus  of  rupture  only  very 
slightly  lower  (about  10  pounds  per  square  inch)  than 
the  standard-finish  slabs  containing  the  base  mix.  On 
the  other  hand,  the  average  decrease  in  the  strength  of 
the  control  beams  is  approximately  150  pounds  per 
square  inch. 

It  will  also  be  noted  that  although  there  was  quite  an 
appreciable  difference  in  the  grading  of  the  two  sands 
(see  table  1)  the  strengths  of  the  sections  containing 
the  coarse  sand  are  not  greatly  different  from  corre- 
sponding sections  containing  fine  sand,  although  there 
is  a  tendency  for  somewhat  lower  strengths  in  the  latter 
case.  The  same  comment  was  made  in  connection  with 
series  A.  Reference  to  table  3  shows  that  in  the  case  of 
gravel  the  concretes  containing  the  fine  sand  contained 
one  tenth  part  less  sand  by  volume  than  the  correspond- 
ing coarse-sand  concretes.  In  the  case  of  crushed  stone, 
the  decrease  in  sand  content  was  0.2  part.  These 
changes  in  sand  content  resulted  in  an  increase  in  ce- 
ment content  not  exceeding  in  any  case  0.30  sack  per 
cubic  yard. 

HONEYCOMB  LESS  IN  JOHNSON-FINISHED  SLABS 

With  respect  to  uniformity,  figure  20  shows  the  follow- 
ing facts:  The  average  percentage  of  honeycomb  in  all 
cases  is  less  for  the  Johnson-finish  slabs,  the  average 
being  about  2  percent  as  compared  to  6  percent  for  the 
standard  finish.     This  difference  in  honeycomb  is  prob- 


ably due  primarily  to  differences  in  consistency.  Re- 
ferring back  to  figure  f  7,  it  will  be  noted  that,  under  the 
conditions  of  these  tests,  the  percentage  of  honeycomb 
in  the  standard-finish  slabs  was  reduced  to  less  than  3 
percent  only  by  the  use  of  a  minimum  slump  of  2}i 
inches.  Referring  again  to  figure  20,  it  will  be  seen  that 
the  average  slump  of  the  standard-finish  concrete  was 
2)i  inches  for  proportion  A  and  V/s  inches  for  proportion 
B.  The  Johnson-finished  concrete,  on  the  other  hand, 
showed  an  average  slump  of  3  inches  in  the  case  of 
proportion  A  and  2%  inches  in  the  case  of  proportion  B. 
Knowing  the  effect  of  honeycombing  on  slab  strength 
(see  figs.  12,  13,  t4,  23,  24,  and  25)  the  question  arises 
as  to  how  much  of  the  increased  slab  strength  shown  for 
(he  Johnson  method  was  due  to  the  fact  that  less  honey- 
comb developed  than  in  the  standard-finish  concrete  and 
how  much  was  due  to  the  elimination  of  water.  This 
particular  point  will  be  discussed  in  detail  in  connection 
with  the  discussion  of  individual  slab-strength  results. 
Figure  21  shows  data  similar  to  figure  20,  except  that 
in  this  case  only  the  crushed-stone  concrete  is  con- 
sidered. The  results  are  the  average  of  sections  con- 
taining the  fine  and  coarse  sand.  The  corresponding 
values  for  the  gravel  concrete  are  shown  in  the  left-hand 
panel  of  figure  22.  In  connection  with  the  difference 
in  the  strengths  shown  by  the  crushed  stone  and  the 
gravel  concrete,  attention  is  called  to  the  discussion  of 
figure  6  under  series  A,  in  which  it  was  emphasized  that 
this  difference  is  due  to  the  particular  aggregates  used 
in  this  work  and  does  not  express  a  general  relation.  A 
comparison  of  these  figures  indicates  that  the  increase 
in  strength  shown  for  the  Johnson  mix  is,  in  general, 
more  marked  in  the  case  of  the  crushed-stone  concrete. 
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Forinstance,  for  proportion  A  the  increase  in 
core  strength  is  about  700  pounds  per  square 
inch  for  crushed  stone  as  compared  to  about 
500  pounds  per  square  inch  for  gravel.  In 
the  leaner  mix  the  difference  is  more  marked, 
being  about  1,600  pounds  per  square  inch 
for  the  crushed-stone  concrete  as  compared 
to  about  550  pounds  per  square  inch  for  the 
gravel  concrete 

In  flexure  the  differences  are  of  the  same 
order.  For  proportion  A  the  Johnson  mix 
shows  an  increase  for  crushed  stone  of 
about  95  pounds  per  square  inch  as  against 
approximately  55  pounds  per  square  inch  for 
the  gravel  concrete.  For  the  leaner  mix  the 
difference  is  about  110  pounds  per  square 
inch  for  crushed-stone  concrete  as  compared 
to  only  about  30  pounds  per  square  inch  for 
the  gravel  concrete.  That  the  large  increase 
shown  for  the  crushed-stone  concrete  in  the 
lean  mix  in  favor  of  the  Johnson  method  is 
due  in  part  to  variations  in  workability  is 
evidenced  by  the  relatively  large  amount  of 
honeycomb  (8  percent)  shown  for  standard- 
finish  sections  having  this  particular  combi- 
nation as  compared  to  only  1  '■?  percent  for  the 
corresponding  Johnson  mix.  Here  again  the 
question  arises  as  to  how  much  of  the  differ- 
ence in  slab  strength  is  due  to  difference  in 
honeycomb  and  how  much  to  the  elimination 
of  water  by  the  Johnson  finishing  method. 
This  question,  however,  cannot  be  raised  in 
the  case  of  the  cores  because,  it  will  be  re- 
called, special  efforts  were  made  to  select 
only  sound,  uniform  cores  free  from  honey- 
comb. It  has  already  been  shown  that  the 
crushing  strengths  of  cores  taken  from  the 
Johnson  slabs  averaged  about  13  percent 
higher  in  strength  than  cores  from  the  corre- 
sponding standard-finish  sections. 
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CRUSHING  AND  FLEXURAL  STRENGTH  OF  CONCRETE  MADE  WITH 
PLATTE  RIVER  COMBINATION  INCREASED  BY  USE  OF  JOHNSON 
METHOD 

In  the  right-hand  panel  of  figure  22  there  have  been 
plotted  the  results  of  tests  on  the  concrete  containing 
aggregates  graded  similarly  to  the  Platte  River  gravel. 
(See  table  1.)  Two  mixes  were  used,  1:4  and  1:4'  by 
volume.  This  aggregate  contained  practically  no 
material  over  one  half  inch  in  size,  and  consequently 
the  concrete  was  not  honeycombed  in  the  same  sense  as 
the  concretes  containing  normally  graded  coarse  aggre- 
gate. Reference  to  the  figure  will  show  the  same  t  rends 
as  regards  strength  as  were  noted  in  the  case  of  the  gra  vel 
and  crushed-stone  concrete.  The  increase  in  crushing 
strength  for  the  Johnson-finished  concrete  averages 
about  1,400  pounds  per  square  inch  for  the  two  mixes, 
with  the  1:4)2  Johnson-finshed  concrete  about  1,000 
pounds  per  square  inch  higher  than  the  1:4  standard- 
finish  sections.  In  flexure  the  same  trend  is  noted. 
Here  the  average  strength  of  Johnson-finish  slabs  is 
about  70  pounds  per  square  inch  higher  than  the 
corresponding  standard-finish  slabs,  witli  the  It1 
Johnson-finish  concrete  about  50  pounds  per  square  inch 
higher  than  the  1:4  standard  finish.      Inasmuch  as  the 


Platte  River  "concrete"  is,  to  all  intents  and  purposes, 
a  mortar  and  not  a  concrete  at  all,  honeycombing,  due 
to  segregation  of  coarse  aggregate  is  entirely  missing. 
Therefore,  the  question  which  may  be  raised  in  connec- 
tion with  the  standard  coarse  aggregate  concrete  as  to 
the  effect  of  honeycombing  on  strength  would  not  apply 
in  this  case.  Nevertheless,  a  very  substantial  increase 
in  slab  strength  is  noted.  This  fact,  coupled  with  the 
undoubted  effect  of  the  Johnson  method  of  finishing  on 
crushing  strength,  leads  to  the  conclusion  that,  entirely 
aside  from  the  effect  of  honeycomb  on  strength,  the 
flexural  strength  of  concrete  is  increased  by  this  met  hod 
of  manipulation. 

RELATIONS   SHOWN    BETWEEN    CONSISTENCY,    HONEYCOMB,    AND 
STRENGTH 

In  figures,  23,  24,  and  25,  the  relation  between 
consistency,  honeycomb,  and  slab  strength  for  each  test 
slab  in  series  B  is  shown.  It  will  be  of  interest  to  note 
and  comment  upon  some  of  these  relationships.  In  the 
first  place  it  will  be  seen  that  the  groups  of  slabs  repre- 
senting the  Johnson-finish  sections  show,  in  general, 
somewhat  higher  strengths  and  somewhal  less  honey- 
comb   than    the   corresponding   standard-finish    slabs 


152 


PUBLIC    ROADS 


Vol.  14,  No.  S 


The  relation  between  honeycomb  and  consistency  may 
also  be  traced.  In  general,  the  sections  substantially 
free  from  honeycomb  are  those  in  which  the  slump  is 
greater  than  2%  inches.  The  sections  containing-  the 
drier  mixes  (2-inches  slump  or  less)  are,  in  general,  the 
urn's  which  contain  the  most  honeycomb.  There  are 
some  exceptions  to  this  broad  classification,  principally 
in  the  range  in  consistency  between  2  inches  and  2}i 
inches.  The  adverse  effect  of  honeycomb  on  the 
strength  of  individual  slabs  is  very  marked  in  the  case 
of  the  crushed  stone  concrete  (see  fig.  24). 

It  will  be  of  in t crest  to  compare  the  flexural  strength 
of  the  standard-finished  and  Johnson-finished  sections 
on  the  basis  of  those  slabs  which  show  less  than  3  per- 
cent honeycomb  (the  open  circles  of  figs.  23  and  24). 
A  comparison  of  strength  in  this  manner  should  elimi- 
nate to  a  large  degree  the  influence  of  honeycomb  on 
strength.  On  this  basis  it  is  possible  to  make  15  direct 
comparisons  between  the  two  methods  of  finishing. 
Sections  77-S  and  78-J  cannot,  of  course,  be  compared, 
because  of  the  fact  that  all  four  slabs  in  section  77-S 
show  more  than  3  percent  honeycomb. 

Referring  now  to  figures  23  and  24  it  may  be  noted 
that  12  out  of  the  15  pairs  of  sections  which  can  be 
compared  in  this  way  show  higher  strengths  for  the 
Johnson  finish  than  for  the  standard  finish.  For  in- 
stance, the  average  strength  of  the  2  slabs  repre- 
sented by  the  open  circles  in  section  68-J,  figure  23, 
is  higher  than  the  average  strength  of  the  3  slabs 
represented  by  the  open  circles  in  section  07-S,  and  so 
on.  This  would  indicate  that  a  part  at  least  of  the 
higher  average  flexural  strength  previously  noted  for 
the  Johnson  mix  is  due  to  the  elimination  of  excess 
water  and  not  to  honeycomb.  This  conclusion  is 
substantiated  by  reference  to  figure  25,  wrhere  all  of  the 
slabs  are  free  from  honeycomb.  Four  comparisons  can 
be  made  in  this  case,  all  of  which  show  higher  strengths 
for  the  Johnson  finish. 

Analyzing  figure  23  on  the  above  basis,  that  is,  con- 
sidering only  those  slabs  which  show  less  than  3  per- 
cent honeycomb,  we  find  that  9  slabs  in  the  4 
standard  mix  gravel  sections  (nos.  67,  71,  S3,  and  87) 
have  an  average  flexural  strength  of  about  720  pounds 
per  square  inch  as  compared  to  an  average  of  approxi- 
mately 680  pounds  per  square  inch  for  12  slabs  in  the 
4  corresponding  Johnson-mix,  Johnson-finish  sec- 
tions (nos.  70,  74,  86,  and  90).  In  figure  24  it  will  be 
found  that  8  slabs  in  sections  75,  79,  91,  and  95  have 
an  average  flexural  strength  of  approximately  915 
pounds  per  square  inch  as  against  an  average  of  about 
890  pounds  per  square  inch  for  15  slabs  in  sections  78, 
82,  94,  and  98.  This  is  an  average  difference  for  the 
2  types  of  aggregate  of  about  30  pounds  per  square 
inch  or  a  little  less  than  4  percent  as  compared  with  a 
drop,  for  the  control  beams  representing  these  sections, 
of  150  pounds  per  square  inch  or  roughly  20  percent. 
A  reduction  in  flexural  strength  of  150  pounds  per 
square  inch  corresponds  fairly  closely  to  the  reduction 
which  would  normally  be  expected  from  an  increase  in 
the  water-cement  ratio  of  0.2,  which  is  approximately 
t  he  difference  between  the  average  water-cement  ratio 
used  in  the  standard  mix,  standard  finish,  and  the  John- 
son mix,  Johnson  finish.  (See  fig.  20.)  These  figures 
show  that,  entirely  aside  from  the  matter  of  honey- 
comb and  its  effect  on  strength,  the  Johnson-finish  slabs 
in  the  leaner  mix  approached  very  nearly  in  strength  the 
standard-finish  slabs  containing  the  richer  mix. 
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Figure  28. — Series  B,  Effect  of  Johnson  Finish;  Relation 
Between  Water-Cement  Ratio,  Voids-Cement  Ratio, 
and  Strength. 

surface  wear  tests  favorable  to  johnson  finish 

The  results  of  wear  tests  on  the  slabs  in  series  B  are 
shown  graphically  in  figure  2(5.  The  data  are  plotted 
so  as  to  show  directly  the  depth  of  wear  of  the  Johnson- 
finish  slabs  in  comparison  to  the  standard  finish  for  each 
proportion  and  material  combination.  Each  value  is 
the  average  of  3  tests  (1  on  each  of  2  or  3  separate  slabs). 
It  will  be  observed  that,  in  every  case,  with  the  excep- 
tion of  the  gravel  concrete  with  coarse  sand,  the  Johnson- 
finish  slabs  show  appreciably  less  wear  than  the  standard 
finish.  Just  why,  in  this  particular  case,  the  reverse  is 
true  is  not  clear.  However,  the  difference  is  not  very 
marked,  whereas,  for  several  of  the  other  combinations, 
particularly  the  crushed  stone  and  coarse  sand,  and  the 
"Platte  River  concrete",  there  is  a  very  distinct  advan- 
vantage  in  favor  of  the  Johnson  sections.  The  conclu- 
sion reached  from  these  tests  is  that  the  Johnson  method 
of  delayed  finishing  certainly  does  not  adversely  affect 
the  surface  hardness  of  the  pavement  and  very  probably 
tends  to  increase  it,  because  of  the  elimination  of  a 
portion  of  the  water  from  the  surface. 

The  results  of  these  tests  substantiate  the  observa- 
tions which  have  been  made  on  Johnson-finished  pave- 
ments in  service  to  the  effect  that  the  method  of  finishing 
employed  in  this  process  thoroughly  incorporates  the 
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dry  sand-cement  mixture  into  the  body  of  the  concrete, 
and  does  not  cause  scaling. 

REMOVAL    OK   SURPLUS    WATER    HELD    MAIN    REASON    FOR    GOOD 
SHOWING  OF  JOHNSON  METHOD 

Values  for  density  and  absorption  of  each  materia] 
combination  and  for  each  method  of  finishing  are 
shown  in  figure  27.  In  the  ease  of  series  B  two  values 
for  density  are  shown.  (1)  the  density  of  the  plastic 
concrete  calculated  from  the  initial  water  content,  and 
(2)  the  density  of  the  hardened  concrete  calculated  from 
the  specific  gravity  of  the  cores.  Inasmuch  as  the 
assumption  that  the  plastic  concrete  is  essentially  free 
from  air  voids  does  not  hold  for  the  "Platte  River 
concrete",  values  for  density  calculated  from  water 
content  have  been  omitted  in  this  ease.  Referring  now 
to  figure  27  and  comparing  the  density  of  each  standard- 
finished  concrete  with  the  corresponding  concrete 
finished  by  the  Johnson  method  we  find  that,  whereas 
the  density  of  the  plastic  concrete  is  greater  in  the 
case  of  the  mixes  which  were  finished  by  the  standard 
method,  because  of  the  fact  that  less  water  was  used, 
the  final  density  is  greater  in  the  ease  of  the  Johnson- 
finished  concrete.  This  indicates  that  the  Johnson 
method  removed  a  considerably  larger  proportion  of  the 
total  water  before  final  consolidation  took  place  than 
was  accomplished  by  the  standard  method.  This  ties 
in  very  well  with  the  increased  crushing  strength  shown 
by  the  Johnson-finished  cores. 

This  is  shown  graphically  in  figure  28.  In  this  figure 
the  crushing  strength  of  cylinders  representing  concrete 
used  in  the  standard  and  Johnson-finished  sections  have 
been  plotted  against  the  corresponding  initial  water- 
cement  ratios  together  with  the  results  of  eore  tests  on 
the  same  concrete  plotted  against  the  void-cement 
ratios  which  were  obtained  from  the  values  for  density 
of  the  hardened  concrete.  Each  point  represents  the 
average  of  16  tests  on  8  sections.  It  "will  be  observed 
that,  for  both  coarse  aggregate  types,  all  points,  both 
cores  and  eylinders,  lie  substantially  on  a  curve  par- 
alleling the  conventional  water-cement  ratio  strength 
curve.  It  should  be  borne  in  mind  that  the  core  tests 
were  made  on  the  same  concrete,  insofar  as  proportions 
were  concerned,  as  the  corresponding  cylinder  tests. 
The  core  tests,  however,  were  made  on  the  concrete 
after  final  consolidation  had  taken  place  and  a  con- 
siderable amount  of  water  removed.     The  cylinders,  of 


course,  were  not  subjected  to  the  finishing  operation 
and  retained  most  of  the  water.  These  data  appear  to 
indicate  quite  definitely  the  reason  for  the  increased 
strength  of  the  cores  as  compared  to  the  cylinders,  as 
well  as  the  increased  strength  of  the  Johnson-finished 
cores  as  compared  with  the  standard  finish.  It  is  all 
a  matter  of  the  final  or  net  water-cement  ratio  which, 
in  this  ease,  seems  to  be  measured  quite  accurately  h\ 
the  actual  void-cement  ratio  of  the  cores  us  determined 
h\    test. 

As  indicated  above,  the  "Platte  River  concrete  "  can- 
not be  analyzed  in  this  way  due  to  the  presence  of  air 
voids.  Here  the  actual  void-cement  ratio  of  the 
plastic  concrete  is  much  higher  than  the  water-cement 
ratio.  Consequently  the  density  bears  no  relation  to 
relative  water  content . 

On  the  assumption  "that  the  difference  between  the 
initial  water-cement  ratio  and  the  final  void-cement 
ratio  is  a  measure  of  water  loss  during  consolidation  it 
will  be  of  interest  to  compare  the  average  difference  for 
each  finishing  method  and  for  each  type  of  coarse 
aggregate.  Reference  to  figure  28  will  show  that  this 
average  difference  in  the  case  of  the  Johnson-finished 
gravel  concrete  was  0.23  (from  0.57  to  0.80)  as  against 
0.13  for  the  standard-finished  gravel  concrete  (0.62  to 
0.75).  The  difference  between  0.13  and  0.23,  or  0.10, 
may  therefore  be  said  to  represent  the  additional  de- 
crease in  the  volume  of  voids  per  unit  bulk  volume  of 
cement  (the  void-cement  ratio)  obtained  by  the  appli- 
cation of  the  Johnson  method.  The  corresponding 
value  for  the  crushed-stone  concrete  is  0.08.  On  this 
basis,  it  seems  safe  to  assume  that  the  use  of  the  .John- 
son method  of  finishing  is  equivalent,  insofar  as  im- 
provement in  strength  and  density  are  concerned,  to  a 
reduction  in  water-cement  ratio  of  about  0.10. 

The  effect  of  this  additional  increase  in  density  on 
the  ultimate  durability  of  the  concrete  has  not  been 
investigated,  although  it  is  planned  to  make  a  series 
of  tests  along  this  line  as  a  continuation  of  the  present 
investigation.  All  available  information  on  the  subject 
indicates  that,  for  a  given  mix,  a  very  definite  relation- 
ship exists  between  density  and  durability.  It  would 
seem,  therefore,  that  any  process  which  would  result  in 
an  increase  in  density  would  be  desirable  from  this 
standpoint  alone,  entirely  aside  from  the  effect  on 
strength. 


CONCLUDING  STATEMENT 


The  major  facts  developed  by  this  investigation  are 
summarized  in  the  following  paragraphs. 

SERIES  A:   KFFECT  OF  VIBRATION 

1.  When  finished  by  the  standard  method,  the 
minimum  slump  required  to  insure  pavement  slabs 
substantially  free  from  honeycomb  was  found  to  be 
approximately  2U  inches. 

2.  When  finished  by  vibration,  the  minimum  slump 
required  to  insure  the  same  degree  of  uniformity  was 
found  to  be  approximately  1  inch.  (In  the  previous 
investigation  it  was  found  that  standard-finished 
pavement  slabs  constructed  of  concrete  having  a 
1-inch  slump  were  less  uniform  in  quality  than  similar 
slabs  in  which  2-inch  to  3-inch  slump  concrete  was 
used.) 

3.  The  average  flexural  strength  of  all  vibrated 
pavement  slabs  in  which  the  concrete  showed  an  a>  erage 


slump  of  1  inch  was  somewhat  higher  than  tin'  average 
strength  of  the  standard-finished  concrete  of  the  same 
proportions  in  which  the  average  slump  was  2  inches. 
(In  the  previous  investigation  standard-finished  slabs 
constructed  of  1-inch  slum])  concrete  were  generally 
lower  in  flexural  strength  than  similar  concrete  having 
a  2-inch  slum]). ) 

4.  The  average  increase  noted  under  (3)  was  due  to 
the  marked  increase  in  strength  for  the  group  of  sec- 
tions in  which  crushed  stone  was  used  as  coarse  aggre- 
gate. For  the  sections  containing  gravel  as  coarse 
aggregate,  the  vibrated  concrete  having  a  1-inch  slum]) 
showed  a  lower  average  flexural  strength  than  the 
standard-finished  concrete  having  a  2-inch  slum]).  In 
the  case  of  slag,  the  strengths  for  the  two  slumps  were 
about   the  same. 

•">.  The  average  flexural  strength  of  all  vibrated 
pavement  slabs  in  which  the  concrete  showed  an  aver- 
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age  slump  of  %  inch  was  lower  than  the  average  strength 
of  the  standard-finished  concrete  of  the  same  propor- 
tions in  which  the  slump  averaged  2  inches. 

6.  The  average  decrease  noted  under  (5)  was  due 
to  the  marked  decrease  in  strength  for  the  group  of 
sections  in  which  gravel  was  used  as  coarse  aggregate. 
In  the  case  of  stone  and  slag  the  average  strength  of 
the  vibrated  concrete  having  a  K-inch  slump  was  about 
the  same  as  the  average  strength  of  the  standard-finish 
sections  having  a  2-inch  slump. 

7.  The  average  flexural  strength  of  all  vibrated  pave- 
ment slabs  constructed  of  concrete  having  the  same 
proportions  of  cement,  fine  aggregate,  and  water  but 
containing  one  fourth  part  more  coarse  aggregate  by 
volume  than  the  standard-finished  concrete,  was  con- 
siderably higher  than  that  of  the  standard-finished  con- 
crete. (In  the  previous  investigation,  concrete  con- 
taining more  coarse  aggregate  by  volume  than  the  base 
mix  when  finished  by  the  standard  method  showed 
lower  flexural  strengths  than  the  base  mix,  the  decrease 
being  roughly  proportioned  to  the  amount  of  coarse 
aggregate  added.) 

8.  The  increase  noted  under  (7)  was  most  marked  in 
the  case  of  the  crushed  stone  concrete  and  least  in  the 
case  of  the  gravel  concrete. 

9.  The  average  flexural  strength  of  all  vibrated  con- 
crete slabs  containing  one  half  part  more  coarse  aggre- 
gate than  the  standard-finished  concrete  was  somewhat 
higher  than  that  of  the  standard-finished  concrete.  The 
sections  containing  crushed  stone  gave  considerably 
higher  values,  the  sections  containing  slag  slightly 
higher,  and  the  sections  containing  gravel  lower. 

10.  The  average  flexural  strength  of  all  vibrated  con- 
crete slabs  containing  three  fourths  part  more  coarse 
aggregate  than  the  standard-finished  concrete  was  lower 
than  that  of  the  standard-finished  concrete.  The  sec- 
tions containing  crushed  stone  and  slag  gave  about  the 
same  results,  whereas  the  sections  containing  gravel 
showed  a  decrease. 

1 1 .  For  concrete  having  the  same  water-cement  ratio, 
finishing  by  vibration   did  not  increase   the  crushing 


strength  of  cores  drilled  from  the  pavement  slabs  con- 
taining gravel  and  slag  as  coarse  aggregate.  In  the 
case  of  crushed  stone  a  considerable  increase  in  crushing 
strength  was  noted  for  the  vibrated  concrete  containing 
one  half  and  three  fourths  parts  additional  coarse 
aggregate. 

12.  The  process  of  finishing  by  vibration  did  not 
adversely  affect  the  hardness  of  the  surface. 

SERIES  B:  EFFECT  OF  DELAYED  FINISHING  BY  THE   JOHNSON 
METHOD 

1.  Pavement  slabs  finished  by  the  Johnson  method 
showed  higher  crushing  and  flexural  strengths  than 
standard-finished  concrete  of  the  same  proportion  but 
mixed  with  less  water.  This  observation  applies  to 
both  of  the  proportions  studied. 

2.  Pavement  slabs  finished  by  the  Johnson  method 
developed  substantially  the  same  crushing  and  flexural 
strengths  as  standard-finished  slabs  containing  one  half 
part  less  fine  aggregate  and  one  part  less  coarse  aggre- 
gate. The  Johnson-finished  slabs,  after  correction  for 
the  amount  of  cement  in  the  "dry  mix",  contained 
approximately  one  sack  of  cement  less  per  cubic  yard 
of  concrete  than  the  standard  finished  slabs. 

3.  Although,  for  each  proportion,  the  water-cement 
ratio  at  the  time  of  mixing  was  lower  in  the  case  of  the 
standard-finished  concrete,  the  final  density  of  the  con- 
crete as  revealed  by  tests  on  the  cores  was  higher  in  the 
case  of  the  Johnson-finished  slabs. 

4.  Variations  in  crushing  and  flexural  strength  due 
to  changes  in  proportions  and  methods  of  finishing  were- 
more  marked  in  the  crushed  stone  concrete  than  in  the 
gravel  concrete. 

5.  The  process  of  finishing  by  the  Johnson  method 
did  not  adversely  affect  the  hardness  of  the  concrete. 

6.  The  process  of  finishing  by  the  Johnson  method 
resulted  in  decreasing  the  void-cement  ratio  approxi- 
mately 0.1  more  than  the  corresponding  decrease  shown 
for  the  standard-finish  concrete. 
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STRENGTH  TESTS  OF  CAST-IRON 

CULVERT  PIPE 

Reported  by  E.  F.  KELLEY,  Chief,  Division  of  Tests,  and  W.  F.  KELLEKMANN,  Associate  Materials  Engineer,  United  States  Bureau  of  Public  Roads 


THE  SPECIFICATIONS  for  cast-iron  culvert  pipe 
which  are  in  common  use  in  highway  work  arc 
greatly  lacking  in  uniformity,  and  show  a  wide 
range  in  the  requirements  for  strength  and  thickness 
of  metal  for  pipe  which  presumably  are  to  be  subjected 
to  similar  conditions  of  service. 

INCONSISTENCIES  FOUND  IN  SPECIFICATIONS 

Of  36  State  highway  department  specifications  cur- 
rent in  1931,  2  required  a  minimum  strength  in  the 
3-edge  bearing  test  but  did  not  specify  thickness  of 
metal;  7  specified  minimum  thickness  of  metal  but 
gave  no  strength  requirements;  and  27  specified  both 
minimum  strength  and  minimum  shell  thickness.  In 
the  specifications  of  the  latter  group  the  requirements 
for  strength  and  shell  thickness  were  not  always  con- 
sistent. 

The  minimum  requirements  for  strength  in  the  3-edge 
bearing"  test  ranged  from  1,500  pounds  per  foot  of 
diameter  per  linear  foot  of  pipe  (1,500  D)  to  3,000 
pounds  per  foot  of  diameter  per  linear  foot  of  pipe 
(3,000  D).  Fourteen  States  favored  1,500  D  for  all 
sizes  of  pipe,  4  States  specified  1 ,800  1  >,  7  States  required 
2,000  I)  and  1  State  required  3,000  D.  Three  State- 
specified  1,500  D  for  pipe  over  24  inches  in  diameter, 
and  2,000  D  for  pipe  under  24  inches  in  diameter. 

The  diversity  of  the  requirements  for  minimum  shell 
thickness  of  smooth  or  plain  cast-iron  pipe  is  shown 
graphically  in  figure  1.  Thus  the  minimum  thickness 
for  12-inch  pipe  ranged  from  0.31  to  0.54  inch  and  for 
48-inch  pipe  the  range  was  from  0.75  to  1.38  inch,  a 
difference  of  nearly  100  percent.  The  influence  of  the 
standard  requirements  for  cast-iron  water  pipe  are 
also  shown  in  figure  1,  2  States  having  specified  for 
culvert  pipe  the  thicknesses  required  for  class  A  water 
pipe  in  the  sizes  up  to  and  including  36-inch  and  \ 
State  specified  the  thickness  required  for  the  larger 
sizes  of  42  inches  and  48  inches. 

The  solid  lines  in  figure  1  show  the  theoretical 
relationship  between  shell  thickness  and  strength  in 
the  3-edge  bearing  test,  for  smooth  cast-iron  pipe 
without  hubs,  for  an  assumed  moduhis  of  rupture  of 
35,000  pounds  per  square  inch.  This  modulus  of 
rupture  is  an  approximate  average  figure  for  modulus 
of  rupture  obtained  in  tests  of  sand-oast  pipe.  The 
dotted  lines  show  the  theoretical  thicknesses  increased 
by  10  percent,  an  allowance  suggested  to  provide  for 
unavoidable  inaccuracy  in  manufacture.  It  is  interest- 
ing to  observe  that  the  minimum  thicknesses  commonly 
specified  for  the  smaller  sizes  of  pipes  were  generally 
in  excess  of  those  which  would  be  required  for  a  load 
of  3,000  D  pounds  per  linear  foot,  wdiile  in  the  larger 
sizes  the  required  thicknesses,  in  many  cases,  were 
below  those  which  would  be  necessary  to  insure  a  load 
capacity  of  2,000  V.  It  is  believed  that  a  strength  of 
2,000  D  in  the  3-edge  bearing  test  is  the  minimum  which 
should  be  required  for  cast-iron  pipe  for  use  in  culverts, 
yet  21  States,  in  1931,  specified  a  minim  inn  shell  thick- 
ness of  0.69  inch  for  30-inch  pipe,  which  is  too  low  to 
insure  this  strength  in  sand-cast  pipe. 

17285—33 1 


An  example  of  the  lack  of  relationship  between 
requirements  lor  strength  and  shell  thickness  was 
found  in  the  specification  of  one  State  which  required 
a  minimum  load  of  1,500  D  for  pipe  having  the  thick- 
ness of  class  A  water  pipe.  Pipe  of  this  weighf 
generally  more  than  adequate  for  a  load  of  3,000  1>. 
Another  State  specification  required  a  minimum 
strength  of  3,000  D  hut,  for  the  larger  sizes  of  pipe, 
specified  minimum  shell  thicknesses  insufficient  for  a 
load  of  2,000  I>. 


7-FIGURES  INDICATE   NUMBER  OF  SPECIFICATIONS  HAVING  THIS  REQUIREMENT. 

O-CIRCLES  INOICATE  MINIMUM  SHELL  THICKNESS  REQUIRED  FOR  AGIVEN  DIAM  OF  PIPE 

■(^-REQUIREMENTS  THE  SAME  AS  FOR  CLASS  A  WATER  PIPE  ASTM  SPECIFICATION  AU-0". 

—  THEORETICAL  THICKNESS  FOR  SMOOTH  PIPE  WITHOUT  HUBS  TO  SUPPORT  LOAD  IN  3- 
EDGE  BEARING  TEST.  LOAD  It4  POUNDS  PER  LINEAR  FOOT  OF  PIPE.  D-  DIAMETER  OF 
PIPE  IN  FEET.  ASSUMED  MODULUS  OF  RUPTURE  35.000  POUNDS  PER  SQUARE  INCH. 

--THEORETICAL  THICKNESS  +  10  PERCENT 


14       16        18       20 


24 


30 


36 


42 


NOMINAL    DIAMETER  -   INCHES 


Figure  1. — Relation  Between  Minimum  Shell  Thu  km.ss 
and  Diameter  of  Smooth  Cast-Iron  Culvert  Pipe  as 
Specified  ky  34  States  in   1931. 

The  testing  of  cast-iron  culvert  pipe  to  determine 
compliance  with  specification  requirements  for  strength 
is  an  expensive  procedure,  particularly  if  the  ultimate 
strength  of  the  test  specimens  is  determined,  thereby 
destroying  the  pipe.  With  a  sufficient  knowledge  of  t  he 
strength  characteristics  of  commercial  cast-iron  pipe, 
as  influenced  by  shell  thickness  and  dia mater,  it  should 
be  possible  to  eliminate  much  of  this  expense  and  to 
accept  pipe  on  the  basis  of  thickness  and  weight  more 
generally  than  has  been  customary  in  the  past.  It  was 
largely  on  this  account  that  the  tests  described  in  this 
report  were  undertaken,  but  the  data  which  have  been 
developed  should  also  prove  useful  in  indicating  revisions 
which  might  bo  made  in  existing  specifications  in  the 
interest  of  uniformity  and  consistency. 

The  culvert  pipe  tested  w  ere  as  follows:1 

Smooth,  sand-cast  pipe,  furnished  by  one  manufac- 
turer in  sizes  from  12-  to  48-inch,  and  by  another  man- 
ufacturer in  sizes  from  12-  to  36-inch. 


1  Acknowledgment  is  made  to  the  United  tate  Pipe  and  Foundry  Co.,  the  Ameri- 
can Casting  Co.  and  the  Alabama  Pipe  Co.  for  the  specimens  of  culvert  pipe  which 
were  used  in  these  tests. 
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Smooth  pipe  cast  by  a  centrifugal  process  in  metal 
contact  molds,  in  the  sizes  12-,  16-,  and  20-inch. 

Spiral-corrugated  pipe  in  sizes  from  15-  to  36-inch. 

Ribbed  pipe  in  the  sizes  15-,  18-,  and  24-inch. 

In  general  three  specimens  of  each  size  and  type  were 
tested.  Six  specimens  of  each  size  of  smooth  sand-cast 
pipe  and  of  smooth  centrifugally  cast  pipe  were  sup- 
plied, 3  specimens  had  bells  or  hubs  and  3  had  plain 
ends.  There  were  6  specimens  of  each  size  of  spiral- 
corrugated  pipe,  3  specimens  representing  the  pipe 
section  and  3  representing  the  cuff  section.  All 
specimens  had  a  net  length  of  approximately  3  feet, 
exclusive  of  the  overlapping  portion  of  end  fittings. 
Some  had  been  cast  in  this  length  and  the  others  were 
cut  from  longer  pipe.  The  smooth  pipe  with  plain  ends 
were  cut  from  pipe  which  had  been  cast  with  hubs. 

The  spiral-corrugated  pipe  had  a  relatively  thin  shell 
which  was  cast  in  the  form  of  spiral  circumferential 
corrugations.  Sections  of  pipe  are  fastened  together 
by  screwing  one  into  the  other.  Since  each  section  of 
pipe  is  of  uniform  diameter,  the  inner,  or  pipe  sec- 
tion, is  of  slightly  smaller  diameter  than  the  outer  or 
Cuff  section. 


respect  to  the  position  of  the  point  or  center  of  loai 
application,  for  pipes  with  bell  ends,  that  the  variou 
standard  and  tentative  standard  specifications  diffe 
and  this  is  important  since  the  position  of  the  load  ha 
a  considerable  influence  on  the  ultimate  strength  devel 
oped  in  the  test. 

Three  positions  of  the  load  are  used  in  various  speci 
fications: 

(a)  Load  at  the  center  of  the  upper  bearing  block. 

(b)  Load  at  the  center  of  the  laying-length  of  th 
pipe.  The  laying-length  of  pipe  is  the  distance  fron 
the  spigot  end  to  the  inside  shoulder  of  the  bell  an( 
therefore  is  a  length  intermediate  between  the  lengtl 
of  the  upper  bearing  block  and  the  full  length  of  thi 
pipe,  including  the  bell. 

(c)  Load  at  the  center  of  the  length  of  the  pipe  a. 
shown  at  the  top  of  figure  3.  This  position  results  ii 
less  eccentricity  of  load  application  than  the  other  tw< 
and  is  required  by  the  most  recent  specifications 
This  position  of  load,  with  a  few  exceptions  which  wil 
be  mentioned  later,  was  used  in  these  tests. 

Position  (a)  is  required  by  the  A.S.T.M.  (American 
Society  for  Testing  Materials)  Standard  Specification: 


Figure  2.— Representative  Specimens  of  Ti  pes  of  Pipe  Tested.  Specimens  Are  (Left  to  Right)  Smooth  Sand-Cast  Pipe: 
Plain  End;  Smooth  Sand-Cast  Pipe,  Bell  End;  Smooth  Centrifugally  Cast  Pipe,  Bell  End;  Ribbed  Pipe;  Spiral 
Corrugated  Pipe. 


The  ribbed  pipe  had  a  relatively  thin  shell  reinforced 
by  four  longitudinal  ribs,  and  by  transverse  ribs,  the 
spacing  of  which  varied  somewhat  with  the  size  of  the 
pipe. 

Representative  specimens  of  the  different  types  of 
pipe  are  illustrated  in  figure  2. 

specifications  vary  as  to  position  of  load 

All  pipe  were  tested  for  strength  in  the  3-edge  bear- 
ing test.  This  test  has  been  used  on  sewer  pipe  and 
culvert  pipe  for  a  number  of  years  and  has  become  an 
accepted  standard  but  it  has  not  been  completely 
standardized  in  one  important  respect.  This  is  fre- 
quently overlooked  and  merits  some  discussion. 

The  general  set-up  for  the  test  is  shown  in  figure  3. 
The  lower  bearing  consists  of  a  rigid  block  to  which  are 
securely  fastened  two  longitudinal  wooden  strips  having 
vertical  sides  with  the  interior  top  corners  rounded  to  a 
radius  of  approximately  one  half  inch.  The  earlier 
specifications  required  that  these  strips  be  spaced  1  inch 
apart  while  the  more  recent  ones  provide  that  the  space 
between  them  shall  be  not  less  than  one  half  inch  or 
more  than  1  inch  for  each  foot  of  nominal  pipe  diameter. 
The  upper  bearing,  through  which  the  load  is  applied, 
is  a  rigid  wooden  block.  In  the  case  of  pipe  with  plain 
ends  the  upper  and  lower  bearings  extend  the  full 
length  of  the  pipe  while  for  pipe  with  bell  ends  the  bear- 
ings extend  from  the  spigot  end  to  the  point  where  the 
barrel  begins  to  flare  out  to  meet  the  bell.     It  is  with 


for  Clay  Sewer  Pipe,  C 13-24  and  A.S.T.M.  Standarc 
Specifications  for  Cement-Concrete  Sewer  Pipe,  C14-24 

Position  (b)  is  required  by  the  1926  Tentative  Stand- 
ard Specifications  for  Reinforced  Concrete  Culven 
Pipe  of  the  Joint  Concrete  Culvert  Pipe  Committe< 
and  by  the  Tentative  Standard  Methods  of  Sampling 
and  Testing  Highway  Materials  of  the  American  Asso 
ciation  of  State  Highway  Officials  as  published  in  Unitec  ( 
States  Department  of  Agriculture  Bulletin  No.  1216  ; 
Both  of  these  have  since  been  revised  but  the  latter  is 
still  used  to  some  extent. 

Position  (c)  is  required  by  the  1928  Tentative  Stand- 
ard Specifications  of  the  Joint  Concrete  Culvert  Pip( 
Committee;  by  the  A.S.T.M.  Tentative  Standarc 
Specifications  for  Reinforced-Concrete  Culvert  Pipe 
C76-30T,  which,  in  substance,  are  the  same  as  the  192£ 
specifications  of  the  Joint  Committee;  by  the  A.S.T.M 
Tentative  Standard  Specifications  for  Reinforced- 
Concrete  Pipe,  C75-30T;  and  by  the  1931  edition  of  th« 
Tentative  Standard  Specifications  for  Highway  Mate- 
rials and  Methods  of  Sampling  and  Testing  of  the 
American  Association  of  State  Highway  Officials 
which  is  a  revision  of  Department  of  Agriculture  Bulle- 
tin No.  1216. 

The  State  specifications  for  making  strength  tests, 
discussed  above,  referred  variously  to  A.S.T.M.  Speci- 
fications C13-24  and  C14-24  and  to  Bulletin  No.  1216  ol 
the  Department  of  Agriculture.  Some  specified  the 
3-edge  bearing  test  without  describing  it,  others  gave 
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AT   LEAST    6X6    INCHES"- 

3-edge  bearings  for  pipe  with  bell  end 


jr*. 


-AT    LEAST    6x6    INCHES^ 

3-edge  bearings  for  pipe  without  bell  end 
Figure  3. — Position  of  Bearings  in  Cast-iron  Pipe  Test-. 

incomplete  descriptions  which  did  not  define  the  posi- 
tion of  load,  another  fairly  large  group  required  the 
test  for  strength  to  be  made  "in  the  manner  prescribed 
by  Committee  C-4,  American  Society  for  Testing- 
Materials. '"  The  latter  is  a  particularly  ambiguous 
requirement  since,  prior  to  1932,  all  of  the  A.S.T.M. 
specifications  to  which  reference  has  been  made  were 
under  the  jurisdiction  of  Committee  C-4  and  that,  in 
addition  to  the  3-edge  bearing  test,  these  specifications 
also  recognize  the  2-edge  bearing  test  and  the  sand- 
bearing  test. 

In  conducting  the  3-edge  bearing  test  on  the  speci- 
mens included  in  this  investigation,  the  distance  be- 
tween the  longitudinal  strips  of  the  lower  bearing  was 
varied  as  shown  in  the  following  table: 


Size  of 

Distance 
between 

pipe 

strips 

Inches 

Inches 

12 

1 

15 

1 

16 

1 

18 

1 

20 

2 

24 

2 

30 

9 

36 

3 

42 

3 

4S 

3 

The  test  load  was  applied  to  the  upper  bearing  block 
at  the  center  of  the  length  of  the  pipe  with  the  excep- 
tion of  four  specimens  of  12-inch  pipe  with  bell  ends. 
Three  of  these  were  sand-cast  pipe  furnished  by  manu- 
facturer A  and  one  was  a  specimen  of  centrifugally 
cast  pipe  (tables  1  and  3).    In  the  case  of  the  exceptions 


Figure  4. — Forty-Eight-Tnch  Pipe  Set  up  in  200,000-Pound 
Testing   Machine. 

mentioned,  the  load  was  applied  at  the  center  of  the 
length  of  bearing  block  and  therefore  was  eccentric 
with  respect  to  the  center  of  length  of  the  pipe. 

TESTING    APPARATUS   DESCRIBED 

Since  a  machine  designed  particularly  for  pipe  testing 
was  not  available,  the  3-edge  bearing  tests  were  made 
in  a  200,000-pound  universal  testing  machine  having 
two  extensions,  or  wings,  attached  to  opposite  sides 
and  forming  a  part  of  the  weighing  table.  The  general 
arrangement  of  the  testing  apparatus  is  shown  in  figure 
4.  The  cover  page  shows  a  48-inch  plain-end  pipe  ready 
for  testing.  The  pipe  was  placed  on  one  extension  of 
the  weighing  table  and  on  the  opposite  extension  there 
was  placed  a  vertical  steel  member  of  suitable  height 
which  served  as  a  support  for  the  loading  beam  and  a  1 3<  i 
as  a  counter  weight.  Two  I-beams  extending  across  t  he 
weighing  table  were  supported  on  one  side  by  a  knife- 
edge  bearing  block  on  top  of  the  vertical  steel  member 
and  on  the  other  side  by  a  roller  bearing  which  rested 
on  the  upper  bearing  block  on  the  pipe.  The  load  was 
applied  through  an  eyebar  and  pin,  the  pin  being  sup- 
ported by  the  I-beams  at  mid-span  between  the  two 
bearings  and  the  eyebar  extending  down  through  the 
movable  head  of  the  testing  machine.  A  nut  and  washer 
on  the  lower  end  of  the  eyebar  made  contact  with  the 
movable  head  as  it  was  lowered  and  thus  transmitted 
load  to  the  two  bearings  of  the  I-beams.  With  this 
arrangement  the  test  load  on  the  pipe  was  one  half  the 
load  indicated  on  the  weighing  beam  of  the  testing 
machine.  During  application  of  the  load,  the  testing 
machine  was  run  in  low  gear  which  corresponded  to  an 
idle  crosshead  speed  of  0.05  inch  per  minute. 

Straight  bearing  blocks  of  the  same  type  were  used 
on  all  typc^s  of  pipe.  This  resulted  in  a  much  smaller 
area  of  contact  on  the  special  types  of  pipe  than  on  the 
smooth  pipe.  On  the  corrugated  pipe  the  applied  load 
was  concentrated  on  the  upper  surfaces  of  the  corruga- 
tions and  on  the  ribbed  pipe  the  load  was  concentrated 
on  the  transverse  ribs,  the  specimens  being  arranged 
for  the  test  so  thai  no  load  was  applied  to  the  longitudi- 
nal ribs.  Figure  ">  shows  specimens  of  the  corrugated 
pipe  and  the  ribbed  pipe  with  the  bearing  blocks  which 
w  ere  used  in  testing  t  hem. 

As  has  been  slated,  in  general  t  hree  specimens  of  each 
size  and  type  of  pipe  were  tested.  On  one  pipe  of  each 
group  of  three,  vertical  deflections  were  measured 
during  the  loading  tests  with  micrometer  dials  reading 
to  0.001   inch.    Two  such  dials  were  used,  one  at  each 
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Table  1.- — Smooth  pipe,  sand-cast,  manufacturer  A,  3-edge  bearing,  load  applied  at  center  of  pipe  unless  otherwise  noted] 


Type 


Plain  end. 


Bell  end- 


Plain  end. 


Bell  end- 


Plain  end  _ 


Bell  end. 


Plain  end. 


Bell  end- 


Plain  end. 


Bell  end. 


Plain  end . 


Bell  end- 


Plain  end- 


Bell  end. 


Plain  end. 


Bell  end. 


Identi- 
fication 
no. 


SP-12-1 
2 
3 

SB-12-1 
2 
3 

SP-16-1 

2 

3 

SB-16-1 

2 
3 

SP-20-1 

2 

3 

SB-20-1 
9 
3 

SP-24-1 
2 
3 

SB-24-1 

2 
3 

SP-30-1 
o 

3 

SB-30-1 
2 
3 

SP-36-1 

2 
3 

SB-30-1 
2 
3 

SP-42-1 
2 
3 

SB-42-1 
2 
3 

SP-48-1 
2 
3 

SB-48-1 
2 
3 


Nomi- 
nal 
size 


Inches 
12 
12 
12 

12 
12 
12 

16 
16 
16 

If. 
If. 
16 

20 
20 
20 

20 
20 
20 

24 
24 
24 

24 
24 
24 

30 
30 
30 

30 
30 

30 

30 
36 
30 

30 
30 
36 

42 
42 
42 

42 
42 
42 


Weight 


Pounds 
172 
170 
170 

190 
190 

192 

250 
250 
252 

300 
290 
304 

340 
340 
314 

404 
370 
400 

410 
432 
424 

540 
532 
538 

044 
002 
040 

770 

708 

784 

882 

886 

1,000 

1,070 
1,080 
1,052 

1,300 
1,340 
1,230 

1,520 
1.470 
1,540 

1,400 
1,  420 
1.400 

1,695 
1,712 
1,080 


Thick- 
ness at 
break  2 


Inches 

0.45 

.44 

.44 

.49 
.42 
.46 

.55 
.50 
.51 

.54 
.52 
.55 

.53 
.50 
.50 

.54 
.50 
.58 

.54 
.56 
.55 

.60 
.57 
.58 


.74 
.73 

.79 
.73 
.75 

.84 
.79 
.91 

.87 
.85 
.82 

1.06 
1.00 
.93 

1.00 

.92 
1.02 

1.02 
.90 

.97 

1.00 
1.03 
.92 


Over- 
all 
length 


Inches 
30 
36 
36 

381- 
3»V2 
38^ 

35^ 

36 

36 

38J4 
38^ 
38M 

36M 
3534 
36 

3&A 
38^ 
38H 

353  4 
35-',, 
3534 

39 
39 
39 

3534" 
35% 
30 

39 
39 
39 

3534 

30 

36 

39 
39 
39 

36 
36 
36 

39 
39 
39 

36 
36 
36 

39 
39 
39 


Laying 
length 


Inches 
36 
36 
30 

3534 
3534 
35M 

3534 

30 

36 

35,1  i 

35}  2 

3534 

36% 

3534 
30 

35M 
35% 
36 

35% 

35% 

35M 
35M 
35M 

35?4 
3534 
36 

3534 

36 

3534 

30 

36 

35M 
35% 
35% 

36 
36 
36 

36 
36 
36 

36 
36 
36 

36 

30 
36 


Length 

of 
bearing 


Inches 
36 
36 
36 

30 
30 
30 

35?4 

36 

36 

30 
30 
30 

35% 
35M 
36 

30 
30 
30 

3534 
35M 
35M 

30 
30 
30 


355-4 
36 

30 
30 
30 

35% 

36 

36 

30 
30 
30 

36 
36 
36 

30 
30 
30 

36 
36 
36 

30 
30 
30 


Load 

at 
failure 


Pounds 
25.  550 

23,  250 
22,  950 

18, 750 
1.8,  950 

18,  950 

24,  250 
22,  050 

22,  310 

25,  450 
24.200 
27,  300 

21,950 

19.  500 
16,  750 

25,  600 
19,  250 

27,  050 

14,  300 
18,000 

19,  600 

25,  850 

23,  500 

21,  850 

22.  300 

21,  200 

20,  500 

26,  300 

22,  900 
25,  250 

25,  400 
16,  450 

28,  500 

26,  850 
31,  600 
30,  850 

35, 950 
31,300 

30,  950 

39,  900 
36,  550 
38,  500 

25, 200 
22  300 

23,  450 

31,  950 

29,  350 

24,  850 


Supporting 
strength, 
pounds 
per  foot  of 
diameter 
per  foot  of 
laying  length 


8,  520 
7,750 
7,650 

0,290 
6,  360 
6,360 

6,100 
5.  510 
5,580 

6,450 

0,  140 
6,870 

4,300 

3,  930 
3,350 

5,  150 
3.870 
5,410 

2,400 
3,020 
3,290 

4.  340 
3.940 
3,670 

2,990 
2.  850 
2,730 

3.530 
3,070 
3,370 

2,  840 

1,  830 
3.170 

3,000 

3,  630 
3,450 

3,420 
2,980 

2,  950 

3,800 
3,480 
3,670 

2,100 
1,860 
1.950 

2,660 
2,  450 
2.070 


Average 
7,970 

0,  340 

5,730 

6,490 

3,880 

4,810 

2,900 

3,980 

2,860 

3,320 

3,000 

3,330 

3,120 

3,650 

1,970 

2,390 


Kemarks 


Load  applied  at  center  of  bearing. 
Do. 
Do. 


Broke  through  the  bell. 


Do. 
Do. 

Crack  in  one  side  before  test. 


Broke  through  the  bell. 
Do. 
Do. 


Flaw  in  one  end  of  break.     Not  included  in  average 


Broke  through  the  bell. 
Do. 
Do. 


Do. 
Do. 
Do. 


Do. 
Do. 
Do. 


1  Lower  bearing  blocks  1  inch  apart  for  12-  and  16-inch  pipe;  2  inches  for  20-,  24-,  and  30-inch  pipe;  3  inches  for  36-,  42-,  and  48-inch  pipe. 

2  Plain-end  pipe— thickness  is  average  of  measurements  at  10  points  equally  spaced  along  the  crack.    Bell-end  pipe— thickness  of  barrel  at  spigot  end. 


end  of  the  pipe.  They  were  set  1  inch  in  from  the  ends 
of  the  pipe  except  when  the  specimens  had  bell  ends,  in 
which  case  the  dial  at  the  bell  end  was  set  1  inch  in 
from  the  inside  shoulder  of  the  bell.  Figure  6  shows  the 
position  of  the  dials  as  they  were  set  to  measure  the 
deflections  of  smooth  pipe  wyith  plain  ends.  Deflections 
were  observed  for  increments  of  load  up  to  maximum 
values  of  from  10,000  to  15,000  pounds,  after  which  the 
readings  were  discontinued.  The  results  of  the  3-edge 
bearing  tests  are  shown  in  tables  1  to  5,  inclusive. 

These  tables  show  the  principal  dimensions  of  each 
pipe  tested  and  the  load  at  failure.  As  a  basis  for  com- 
parison they  also  show  the  "supporting  strength"  in 
pounds  per  foot  of  diameter  per  foot  of  laying  length. 
This  supporting  strength  was  determined  by  dividing 
the  applied  load  by  the  product  of  the  internal  diameter 
and  the  laying  length  (in  feet)  and  is  hereafter  referred 
to  as  the  "strength." 


LOCATION  OF  CRACK  AT  FAILURE  AN  INDICATION  OF  UNIFORMIT1 
OF   SPECIMEN 

AVhen  an  elastic  ring  is  supported  along  the  botton 
element  and  a  concentrated  load  is  applied  along  th< 
top  element,  as  in  the  2-edge  bearing  test,  the  maximun 
positive  bending  moments  in  the  ring  occur  at  the  to{ 
and  bottom,  directly  under  the  load  and  directly  ovei 
the  support.  The  bending  moment  in  the  ring  de 
creases  from  a  maximum  positive  value  at  the  crowr 
to  a  maximum  negative  value  at  the  horizontal  axis 
passing  through  zero  at  a  point  the  radius  to  whicl 
makes  an  angle  with  the  vertical  of  approximately 
40°. 2  The  maximum  positive  bending  moment  at  th< 
crown  is  about  75  percent  greater  than  the  maximun 
negative  moment  at  the  horizontal  axis. 

In  the  3-edge  bearing  test,  as  conducted  on  cast-iror 
pipe  of  ordinary  dimensions,  the  bending  moments  art 

1  Tests  of  Cast-iron  and  Reinforced  Concrete  Culvert  Pipe,  by  Arthur  N.  Talbot 
Bulletin  No.  22,  University  of  Illinois. 
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Table  2. — Smooth  pipe,  sand-cast,  manufacturer  B,  3-edge  bearing,  load  applied  at  center  of  pipe  ' 


Type 


Plaiu  end. 


Bellend. 


Plain  end. 


Bell  end. 


Plain  end. 


Bell  end. 


Plain  end. 


Bell  end. 


Plain  end. 


Bell  end. 


Identifi- 
cation 
no. 


SP-12-] 

2 
3 

SB-12-1 
2 
3 

SP-18-1 
2 
3 

SB-18-1 
2 
3 

SP-24-1 
2 
3 

SB -24-1 
2 
3 

SP-30-1 
2 
3 

SB-30-1 
2 
3 

SP-36-1 
2 
3 

SB-36-1 

2 
3 


Nominal 
size 


Inches 
12 
12 
12 

12 
12 
12 

is 
is 
18 

is 
18 
18 

21 
24 
24 

24 
24 

24 

30 
30 

30 

30 
30 

30 

36 
16 
36 

36 
36 
36 


Pounds 
172 
161 

164 

185 
183 
183 

226 
225 
235 


105 

434 
406 

474 

471 
464 

582 

574 
587 

652 
665 
654 

3  940 
3  940 
3  940 

3  1,100 
3  1,  100 
3  1,  100 


Thick- 


Inches 

.  16 

is 

.  50 
.  12 
.50 

Is 
.  II 
.  17 

.  15 

I  I 
.50 

.60 
.  62 
.60 

.  62 

60 
.56 

.711 
.68 
,68 

62 

0 
.64 

.95 
.94 

.91 

.92 
.95 
.92 


i  iver-all 
length 


36 
36 
36 

39 
39 
39 

36 
36 

II 

39 
39 
39 

35 
35 
35 

39 
39 
39 

34^ 

35 

35 

39 
39 
39 

34^ 

3P, 

34^ 

39 
39 
39 


length 


36 

36 
36 

36k 
16k 
36^ 

36 

36 

36 

36 

36 
36 

35 
35 
35 

36 
36 
36 

34H 

35 

35 

36 
36 
36 

34H 

341 

36 
36 
36 


Length  of 
beai  iii- 


Load  at 
failure 


36 
36 
36 

35', 
:r,i,, 
35^ 

36 

II 
16 

35 
35 
35 

35 
35 

35 
35 
35 

34% 
35 

35 

35 
35 
35 

34^ 
3414 

34H 

34) , 
31'. 


I'd  uniis 
24,600 
20,700 
25,950 

29, 150 

28,500 

12,  S50 

14,1 

18,3  ■" 

21,050 

14,750 
17,350 

17,050 
21,360 
20, 100 

19,950 
19,800 

19,650 

19,650 
19,350 

17,750 

21,650 

16,000 
19,  350 

30,  450 
29,25(1 
23,  550 

37,  550 
32, 100 
34,  950 


Supportingsl  n 
pounds  per  foot  of 
diameter  per  fool  of 

laying  length 


■    

9,  650 
s.  720 
9,  430 

2.  860 

3,  240 
1,080 

3,  280 
3,860 

2,920 

3,  450 

3,  320 



3,  2S0 

2,710 

'   130 

2,890 

2,  130 
2,580 

3,  530 
3,  390 

<  2,  730 

4,170 
3, 570 
3,880 


Average 
7,  920 

9,  270 

3,940 
3, 340 
3,300 

2,  600 
2,530 

3,  400 
3,870 


Remarks 


'        e  thro   gh  tin 
Do. 
Do. 


Do. 
Do 

D 


Do. 


Do. 
Do. 
Do. 


'  Lower  bearing  blocks  1  inch  apart  for  12-  and  18-inch  pipe;  2  inches  for  24-  and  30-inch  pipe;  3  inches  for  36-inch  pipe. 

'  Plain-end  pipe — thickness  is  average  of  measurements  at  10  points  equally  spaced  along  the  crack.    Bell-end  pipe— thickness  of  barrel  at  spigot  end. 

3  Approximate. 

1  Cracked  before  test,  not  included  in  average. 


Table  3. — Smooth  pipe,  centrifugally-cast,  3-edge  bearing,  load  applied  at  center  of  pipe  unless  otherwise  noted  1 


Type 


Identifi- 
cation 
no. 


Nominal 
size 


Weight 


Thick- 

11,'     nt 
break  2 


Over-all 
length 


Laying 

it'ir.'lli 


I 


l.i  11.  II 

of  bear- 
ing 


Load  at 
failure 


Supporting  strength, 
pounds  per  foot  of 
diameter  per  foot 
of  laying  length 


Remarks 


Plain  end. 


Bell  end. 


Plain  end. 


Bell  end. 


Plain  end..- 


Bell  end. 


CP-12-1 
2 
3 


CB-12-1 
2 
3 


CP-10-1 
2 
3 


CB-16-1 
2 

3 


CP-20-1 
2 
3 


CB-20-1 
2 
3 


Inches 
12 
12 
12 

12 
12 
12 

16 
16 
16 

16 

16 
16 

20 
20 
20 

20 
20 
20 


Pounds 
165 
168 
166 

246 
250 
246 

27s 
280 
282 

404 
400 

402 

452 
140 
446 

570 
572 
580 


Inches 

0.42 

.41 

.42 

.44 
.43 
.43 

.51 
.49 
.58 

.51 
.51 

.51 

.63 
.65 

.59 

.64 
.  60 
.66 


Inches 
36 
36 
36 

iou 

41 

iO'A 

36 

36 
36k 

i0\4 
4014 

4034 

36^ 

36J 1 

40]  ■ 

41 

41 


Inches 
36 
36 
36 

36k 

37 

36k 

36 
36 
36k 

36 
36 
36k 

36k 
36H 
36k 

36k 
16! 
36k 


Inches 
36 
36 
36 

34 
34 
30 

30 
36 
36k 

33 
33 
33 

36^ 

36i, 
36k 

33 
33 
33 


Pounds 

27, 050 
27, 800 

31,475 
34,  650 
24,  700 

32,  300 
32,  400 

39,  650 

38, 000 

40,  950 
40,  460 

32,  350 
37,  950 

33,  100 

44,  500 

45,  250 


8,  650 
9,020 
9,270 

10,  420 
11,230 
8,180 


8,100 
9,840 

9,500 
10,240 
10,  040 

6,  430 
7,490 
6,570 

8,840 
8,080 

S,  990 


Average 
8,980 

10, 820 

8,670 

9,930 

6,830 

8,040 


Load  applied  at  center  ol  I  1 

Nol  included  iii  average. 


1  Lower  bearing  blocks  1  inch  apart  for  12- and  16-inch  pipe;  2  imlies  aparl  for  .'!' 

2  Plain-end  pipe— thickness  is  average  of  measurements  at  10  points  equally  spaced  along  the  crack. 


Bell-end  pipe  -thickness  of  barrel  at  spigot  end. 


substantial!}-  the  same  as  in  the  2-edge  test.  In  the 
3-edge  test,  as  will  be  shown  later,  the  moment  at  the 
crown  is  less  than  in  the  2-edge  test  by  an  insignificant 
amount.  Also  in  the  3-edge  test  the  moment  at  the 
bottom  of  the  pipe  is  slightly  less  than  at  the  top. 

Therefore,  it  is  to  be  expected  that  a  pipe  which  is 
exactly  circular  and  of  uniform  thickness  will  crack, 
under  the  ultimate  load  in  the  3-edge  bearing  test, 
along  the  upper  element.  Failure  of  the  crack  to 
develop  in  this  position  is  evidence  of  nonuniformity, 


either  in  cross  section  or  quality  of  metal.  A  slight 
nonuniformity  may  cause  the  pipe  to  break  at  the 
bottom  rather  than  at  the  top  but  a  crack  along  the 
horizontal  axis  evidences  nonuniformity  of  considerable 
magnit  ude. 

About,  80  percent  of  the  specimens  of  smooth  sand- 
cast  pipe  furnished  by  manufacturer  A  broke  at  the 
top  and  the  remainder  broke  at  the  bottom  except  one 
specimen  which  broke  al  a  flaw  near  the  bottom.  Of 
the  smooth   sand-casl    pipe   of   manufacturer   B,   one 
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Table  4. — Spiral-corr ugated  pipe,  3-edge  bearing,  load  applied  at  center  of  pipe  l 


Type 


Pipe 


Cuff. 


I'ipe. 


Cuff. 


Pipe. 


Cuff. 


Pipe. 


Cuff. 


Pipe. 


Cuff. 


Identifi- 
cation 
no. 

Nominal 
size 

Weight 

Thick- 
ness at 

break  I 

Over-all 
length 

Laying 
length 

Length  of 
bearing 

Load  at 
first  crack 

Inches 

Pounds 

Inches 

Inches 

Inches 

Inches 

Pounds 

M-15-1 

15 

152 

0.  27-0.  27 

38% 

36 

38% 

12,  700 

2 

15 

151 

. 30-  . 30 

38?i 

36 

mi 

14,  600 

3 

15 

152 

28  -  .  28 

38% 

36 

38% 

15,050 

F-15-1 

15 

157 

.21-  .33 

38% 

36 

38% 

12,900 

2 

15 

153 

.  22-  .  32 

;;s;, 

36 

38% 

13,  150 

3 

15 

160 

. 24-  .  37 

38% 

36 

38% 

9,050 

M-18-1 

IS 

177 

.26-  .26 

38J4 

36 

38  '  i 

1  4.  .'.-,0 

2 

IS 

lfi9 

.  28-  .  29 

39 

36 

39 

12,  500 

3 

is 

168 

.24  •  .28 

38% 

36 

38   i 

11,800 

F-18-1 

IS 

192 

.  20-  .  30 

38% 

36 

3S?4 

1 2,  950 

0 

18 

187 

.  25-  .  34 

38% 

36 

38% 

12,000 

3 

IS 

190 

.  22-  .  30 

38% 

36 

38:!4 

11,250 

M-24-1 

24 

286 

.  33-  .  33 

39k 

36 

39k 

15,800 

0 

24 

285 

.  32-  .  32 

39  k 

36 

39k 

11,300 

3 

24 

286 

.  32-  .  32 

39  J-2 

36 

39k 

13,  050 

F-21-1 

24 

28  i 

. 32-  .  33 

39 1.  \ 

36 

zm 

12,  100 

2 

24 

289 

.  35-  .  40 

■mi 

36 

39  k 

15,  250 

3 

24 

291 

. 33-  . 36 

39  k 

36 

39k 

15,000 

M-30-1 

30 

421 

. 38-  .  43 

sm 

36 

39  k 

17,  350 

2 

30 

420 

.31-  .39 

39] 

36 

39k 

20,  250 

3 

30 

425 

. 38-  .  38 

39  k 

36 

39J.O 

22,  400 

F-30-1 

30 

467 

.  45-  .  55 

39  k 

36 

39J.2 

21,  550 

2 

30 

481 

. 37-  .  49 

39H 

36 

39  k' 

19,  950 

3 

30 

480 

.35-  .45 

39k 

36 

39k' 

19,  500 

M-36-1 

36 

557 

. 43-  .  45 

40)4 

36 

40)4 

21,400 

9 

36 

560 

. 42-  .  43 

40)4 

36 

40)4 

19,  150 

3 

36 

557 

.  43-  .  44 

40 

36 

40 

20,  400 

F-36-1 

36 

646 

.  45-  .  57 

40 

36 

40 

24,  300 

2 

36 

636 

.41-  .56 

40)4 

36 

40)4 

23,  400 

3 

36 

631 

. 45-  .  57 

40 

36 

40 

25, 000 

Load  at 
failure 


Pounds 
15,  450 
15,  000 
15, 050 

12,900 
14,  700 
13,200 

14,  250 
13,  400 

12,  650 

12, 950 
12,600 
11,900 

15,800 
12,700 

13,  150 

12,300 
15,400 

15,000 

20,  650 
21,700 
23,  050 

22,  450 

20,  950 
21,800 

21,800 
22,  000 

21,  700 

26, 600 
27,  000 
25,  500 


Supporting  strength,  pounds  per  foot  of 
diameter  per  foot  of  laying  lengt  h— 


At  first 
crack 

Average 

At  fail- 
ure 

3,  390 
3, 890 
4,010 

3,760 

4,120 
4,000 
4,010 

3,440 
3,  510 
2,410 

3,120 

3,440 
3,920 
3,  520 

3,  170 
2,780 
2,620 

.',  360 

3,170 
2, 980 
2.810 

2,880 
2,  670 
2,500 

2,680 

2,  880 
2,  800 
2,640 

2,630 
1,880 
2,  170 

2,  230 

2,630 
2,120 
2,  190 

2,020 
2,540 
2,500 

2,350 

2, 050 
2,  570 
2,500 

2,310 

2,  700 
2,990 

2,670 

2,  750 
2,  890 

;  1170 

2,870 
2,  660 
2,600 

2,710 

2,990 

2,790 
2.910 

2,380 
2,  130 
2,270 

2,  260 

2,420 
2,440 
2,410 

2,  700 
2,600 
2,780 

2,690 

2,960 
3,000 
2,830 

Average 


4,010 


3, 630 


2,  990 


2,  770 


2,  370 


2,  91)0 


2,  420 


2.  930 


1  Lower  bearing  blocks  1  inch  apart  for  15-  and  lS-inch  pipe;  2  inches  for  24-  and  30-inch  pipe;  3  inches  for  36-inch  pipe. 
!  Thickness  at  break  taken  under  load  at  end  of  pipe  which  cracked  first.     First  value — thickness  at  bottom  of  corrugation. 


Second  value— thickness  at  top  of  corrugation. 


Table  5. — Ribbed  pipe,  3-edge  bearing,  load  applied  at  center  of  pipe 


Identifi- 
cation 
no. 

Nominal 
size 

Weight 

Thick- 
ness at 
break  • 

Distance 
from  bell 
end  to 
center 
line  of 
first 
trans- 
verse 
rib 

Distance 
between 
trans- 
verse 
ribs 

Num- 
ber of 
trans- 

>  1  re 

ribs 

Over- 
all 

length 

Laying 
length 

l.oa. 1  at 

first  crack 

Load  at 
failure 

Supporting  strength,  pounds  per  foot  of 
diameter  per  foot  of  laying  length— 

Type 

At  first 
crack 

Average 

At  fail- 
ure 

Average 

Bell  end 

R-15-1 
2 

R-18-1 
2 
3 

R-24-1 

n 
3 

Inches 
15 
15 

18 
18 
18 

24 
24 
24 

Pounds 
150 
150 

230 
228 
228 

310 
306 
303 

Inches 

0.  24-0.  79 

. 33-  .  91 

.30-1.05 

.  28-1.  03 
.  28-1.  00 

.  25-1.  20 
.  33-1.  20 
.30-1.16 

Inches 

5Js* 

6)2 

6J.2 

Inches 
6H 

m 

6)17. 
6He 
6Mfl 

7%6 
7%  6 
7%  6 

5 
5 

6 
6 
6 

5 
5 
5 

Inches 
36 
36 

38k 
38H 
38k 

37k 
37  k 
37k 

Inches 
34  k 
34  k 

37 
37 
37 

36 
36 
36 

Pounds 
9,850 
11,250 

19, 000 
19,  650 
17,000 

13,  300 

14,  850 
14,  200 

Pounds 
11,100 
12,900 

22, 650 
19, 650 
21, 450 

15, 000 
18,  550 
17,000 

2,740 
3,130 

4,110 
4,250 
3,680 

2,220 

2,470 
2,370 

2,940 
4,010 

2,350 

3,090 
3,590 

4,900 
4,250 
4,640 

2,500 
3,090 
2, 830 

Do 

3,  340 

Do 

4,600 

2,810 

'  Lower  bearing  blocks  1  inch  apart  for  15-  and  18-inch  pipe;  2  inches  for  24-inch  pipe. 

2  First  value— thickness  of  barrel  at  spigot  end.    Second  value— total  thickness  of  barrel  and  rib  at  first  rib  from  spigot  end. 


third  broke  at  the  top  and  one  third  broke  either  at 
the  bottom,  or  at  the  top  and  bottom  approximately 
simultaneously.  The  remainder,  except  two  in  which 
the  exact  location  of  the  crack  was  not  determined, 
broke  either  at  the  side,  or  at  the  top  and  side,  bottom 
and  side,  or  top,  bottom  and  side,  simultaneously. 
About  65  percent  of  the  specimens  of  spiral  corrugated 
pipe  broke  at  the  top  and  the  remainder,  except  three 
specimens  in  which  the  exact  location  of  the  crack  was 
not  determined,  broke  at  the  bottom.  All  specimens  of 
the  smooth,  centrifugally  cast  pipe  broke  along  the  top 
indicating  a  greater  uniformity  in  this  group  than  in 
the  other  three  which  have  been  discussed.  This  is 
probably   due   to   the   method   of  manufacture   which 


may  be  expected  to  result  in  a  more  uniform  thickness 
of  metal  than  sand-casting  methods. 

Ribbed  pipe  of  the  type  tested  is  not  of  uniform  cross 
section,  and  failure  of  the  shell  will  not  necessarily 
occur  at  the  top.  The  bending  moment  on  the  hori- 
zontal axis  through  the  center  of  the  ring  produces 
tensile  stress  in  the  outer  fibers  and  the  tensile  stress 
produced  in  the  small  rib  sections  may  be  sufficient  to 
produce  initial  failure  at  this  point  even  though  the 
b'ending  moment  is  much  less  than  at  the  crown,  where 
the  ribs  are  in  compression.  This  type  of  failure 
actually  occurred  as  was  evidenced  by  crack  develop- 
ment during  the  tests  and  by  the  fact  that  all  of  the 
eight  specimens  tested  broke  along  both  sides.    Five  of 
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Figure  5. — Ribbed  Pipe  and  Spiral-Corrugated  Pipe  with  Bearing  Blocks  Used  in  3-Edge  Bearing  Test. 


them  also  broke  at  the  top  and  one  of  these  five  also 
broke  at  the  bottom. 

In  testing  the  smooth  pipe  with  bell  ends  it  was  ob- 
served in  numerous  cases  that,  at  failure,  a  crack 
developed  in  the  body  of  the  pipe  without  the  develop- 
ment of  a  visible  crack  in  the  bell.  The  other  cases, 
in  which  the  crack  developed  throughout  the  length  of 
the  specimen,  are  indicated  in  tables  1  and  2. 

INFLUENCE  OF  POSITION  OF  LOAD  SHOWN  IN  TEST  RESULTS 

The  test  results  for  12-inch  pipe  shown  in  tables  1 
and  3  show  that  the  position  of  the  center  of  load  appli- 
cation on  the  upper  bearing  block  has  an  important 
influence  on  the  strength  developed  by  pipe  with  bell 
ends  in  the  3-edge  bearing  test.  The  tests  of  12-inch 
pipe  with  bell  ends  reported  in  table  1  were  all  with  the 
load  applied  at  the  center  of  the  bearing  block.  The 
center  of  the  load  was  15  inches  from  the  spigot  end 
and  the  eccentricity  of  load,  with  respect  to  the  center 
of  length  of  the  pipe,  was  4%  inches.  The  average 
strength  of  the  bell-end  pipe  (6,340  D)  was  only  80  per- 
cent of  the  average  strength  of  the  12-inch  pipe  with 
plain  ends  (7,970  D)  on  which  the  load  was  applied  at 
the  center  of  the  pipe.  In  all  the  other  tests  of  bell-end 
pipe  shown  in  table  1  the  load  was  applied  at  the  center 
of  the  pipe  and  in  every  case  the  average  strength  of 
the  bell-end  pipe  was  greater  than  the  average  strength 
of  plain-end  pipe  of  corresponding  size. 

Bell-end  pipe  CB-12-3  (table  3)  was  tested  with  the 
point  of  load  application  at  the  center  of  the  bearing 
block,  the  eccentricity  with  respect  to  the  center  of  I  be 
pipe  being  5%  inches.  The  strength  of  this  pipe  was 
only  76  percent  of  the  average  strength  of  specimens 
CB-12-1  and  CB-12-2  which  were  tested  with  the  load 
in  the  center  of  the  pipe.  Also,  the  strength  was  only 
91  percent  of  the  average  strength  of  the  12-inch  pipe 
with  plain  ends.  As  in  table  1,  the  average  strength  of 
all  other  bell-end  pipe  in  table  3  is  greater  than  the 


average  strength  of  plain-end  pipe  of  corresponding 
size.  The  influence  of  the  position  of  the  point  of  load 
application  is  also  shown  by  the  deflection  measure- 
ments which  will  be  discussed  later. 

It  is  apparent  that  the  application  of  load  at  the 
center  of  the  bearing  block  rather  than  at  the  center 
of  length  of  the  pipe  subjects  pipe  with  bell  ends  to  an 
unduly  severe  load  condition  which  results  in  an  ap- 
parent lowering  of  their  strength  in  the  3-edge  hearing 
test.  That  it  is  not  a  fair  test  is  evidenced  by  the  failure 
of  pipe  loaded  in  this  manner  under  lower  loads  than 
for  failure  of  plain-end  pipe  of  similar  dimensions. 

STRENGTH    TESTS    DISCUSSED 

The  average  strength  of  bell-end  specimens  of  the 
smooth,  sand-cast  pipe  of  manufacturer  A   (table  1), 


I  i.;i  re  <i.     Position  or  Micrometer  Dials  poh   Mi      i  king 
Mi  i  i  i,  ii.in-    in     Smooth    Pom:    with    Plain     Ends. 
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Table  6. — Vertical  deflections  of  pipe 


Nominal  diameter,  inches 


L2 
16 
.■ii 
24 
30 
16 
12 
is 


12 

is 
21 
;n 
36 


12 

Hi 
20 


15. 
18 
24 
30 
36. 


Smooth  sand-east  pipe,  manufacturer  A 


Total  load  of  3,000  pounds  per  foot  of  laying  length 


Bell-end  pipe 


Identifi- 
cation 
no. 


SB-12-3 
SB-16-3 
SB-20-1 
SB -24-3 
SB -30-2 
SB -36-3 
SB-42-3 
SB-48-1 


Deflections 


Bell 


Inches 
0.013 
.038 

.  (iim; 
.081 
.119 
.  110 
.  127 
.106 


Spigot        Average 


Inches 

0.121 

.115 

.193 

.248 

265 

258 

.  224 

.375 


Inches 

2  0.  067 
.076 
.130 
.164 
.192 
.184 
.176 
.286 


Plain-end  pipe 


Identifi- 
cation 
no. 


SP-12-1 
SP-16-1 
SP-20-2 
SP-24-1 
SP-30-1 
SP-36-1 
SP-42-1 
SP-48-1 


Ih'M.T 

tions  ' 


Inches 
0.078 
.116 
.198 
.344 
.316 
.343 
.307 
'.630 


Total  load,  4,000  pounds  per  foot  of  laying 
length 


Bell-end  pipe 


Deflections 


Bell 

Spigot 

Inches 

Inches 

0.019 

0.173 

.055 

.161 

.091 

.270 

.113 

.344 

.  167 

.371 

.153 

.356 

.  176 

.309 

.272 

.520 

Average 


Inches 
2  0. 096 
.108 
.180 
.228 
.269 
.254 
.242 
.396 


Plain-end 
pipe 


Deflec- 
tions' 


Inches 
0.111 
.165 
.285 
.497 
.454 


.430 


Plain-end  pipe 


0. 0369 
.0340 
.0244 
.  0220 
.0225 
.0232 
.0252 
.0211 


'AY 


22,  20C 
28,  10C 
74,  00C 

100,200 
93,  90C 
85,  800 
67,  300 

113,400 


Smooth  sand-cast  pipe,  manufacturer  B 


SB-12-2 
SB-18-3 
SB-24-2 
SB-30-2 

-It   ;c,  2 


0.033 
.058 
.  104 
.  151 
.075 

SP-12-3 
SP-18-2 
SP-24-2 
SP-30-2 
SP-36-1 

0.066 
.316 
.217 
.355 
.251 

0.047 
.081 
.144 
.212 
.  104 

0.094 
.450 
.306 
.499 
.346 

0.  0400 
.0244 
.0258 
.0227 
.0264 

.314 

.  252 
.417 
.214 

.186 
.178 
.284 
.  144 

n  I :;; 
.350 
.586 
.293 

0.259 
.247 
.399 
.198 

17,600 
74,000 
62,  900 
91,  500 
58, 800' 


Smooth  centrifugally  cast  pipe 


CB-12-2 

0  016 

0  07:; 

II  nil 

CP-12-2 

0.090 

0.  023 

0.  102 

0.062 

0.123 

0. 0331 

CB-16-1 

.034 

.100 

.067 

CP-16-1 

.098 

.048 

.139 

.094 

.138 

.0311 

CB-20-3 

036 

.  108 

.072 

CP-20-2 

.103 

.  049 

.  146 

.098 

.143 

.0322 

30,400 
36,400 
32,  900 


Spiral-corrugated  pipe 


Total  load,  3,000  pounds  per  foot  of  lay- 
ing length 


Identification  no. 


Pipe 


M-15-1 
M-18-2 
M-24-3 
M-30-2 
M-36-2 


Cull 


F-15-2 
F-18-3 
F-24-3 
F-30-3 
F-36-1 


Deflections  ' 


Pipe 


0.088 
.  168 
.  190 
.  272 
.  327 


Cuff 


0.092 
3.  168 


.237 
275 


Total  load,  2,000 
pounds  per  foot 
of  laying  length 


Deflections  ' 


Pipe 


n  u:,-; 
.105 
.118 
.  174 
.  212 


Cuff 


0.056 
.  103 
.116 
.154 

.  176 


Ribbed  pipe 


Identifi- 
cation 
no. 


R-15-1 
R-18-2 
R-24-3 


Total  load,  3,000  pounds  per 
foot  of  laying  length 


Deflections 


Bell 


0.105 
.088 
.169 


Spigot 


0.200 
.130 
.215 


Average 


0.152 
.109 
.192 


Total  load,  2,000  pounds  per 
foot  of  laying  length 


Deflections 


Bell 


0.068 
.056 
.108 


Spigot 


0.126 
.081 
.138 


Average 


0.097 
.068 
.123 


Average  of  deflections  measured  at  each  end  of  specimen. 


2  Load  applied  at  center  of  upper  bearing  block. 


1  Extrapolated. 


and  the  smooth,  centrifugally  cast  pipe  (table  3)  which 
were  loaded  at  the  center  of  length  was  greater  in  all 
cases  than  the  average  strength  of  the  corresponding 
specimens  with  plain  ends.  However,  this  was  not 
always  true  of  individual  specimens. 

For  example:  Bell-end  pipe  SB-20-2  developed  a 
lower  strength  than  the  corresponding  plain-end  pipes 
SP-20-1  and  SP-20-2;  pipe  SB-36-1  was  not  as  strong 
as  the  plain-end  specimen  SP-36-3;  and  specimen 
SB--48-3  showed  a  lower  strength  than  specimen  SP-48-1. 
In  the  centrifugally  cast  pipe,  bell-end  specimen  CB-16-1 
developed  a  lower  strength  than  the  corresponding 
plain-end  specimen  CP-16-3.  These  apparent  discrep- 
ancies may  be  attributed  partly  to  differences  in  quality 
of  metal  and  partly  to  differences  in  shell  thickness  due 
to  unavoidable  inaccuracies  in  manufacture. 

In  the  smooth,  sand-cast  pipe  of  manufacturer  B 
(table  2)  the  effect  of  the  bell  ends  on  strength  is  less 
pronounced  than  in  the  pipe  of  manufacturer  A  and 
the  centrifugally  cast  pipe.  This  is  probably  due  to 
differences  in  the  design  of  the  bells.      (See  fig.  7  for 


typical  cross  sections  of  12-inch  pipe.)  There  are  more 
cases  in  which  individual  specimens  with  bell  ends 
developed  less  strength  than  specimens  of  the  same 
size  with  plain  ends.  In  the  case  of  the  24-  and  30-inch 
pipe,  even  the  average  strength  of  the  bell-end  pipe 
was  somewhat  less  than  that  of  the  pipe  with  plain 
ends. 

Pipe  with  bell  ends  normally  may  be  expected  to 
develop  a  greater  strength  in  the  3-edge  bearing  test, 
with  the  load  applied  at  the  center  of  length  of  the 
pipe,  than  pipe  of  the  same  size  and  dimensions  with 
plain  ends.  However,  these  tests  have  shown  that  this 
differential  in  strength  cannot  always  be  expected  on 
account  of  inaccuracy  in  manufacture  and  differences 
in  quality  of  metal.  It  is  indicated  also  that  the  amount 
of  any  strength  differential  which  exists  is  influenced  by 
the  design  of  the  bell.  It  is  reasonable  to  assume  that 
the  differential  is  also  dependent  on  the  length  of  the 
specimen,  being  less  for  long  pipe  than  for  short  ones. 
Since  culvert  pipe  is  furnished  in  lengths  up  to  12  feet, 
and  it  has  been  found  in  these  tests  that  the  3-foot 
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Figure  7. — Sections  of  Bell-End  Pipe,  Nominal  Diameter 
12  Inches. 

specimens  with  hell  ends  did  not  consistently  show  a 
higher  strength  than  pipe  with  plain  ends,  it  is  con- 
cluded that  the  design  of  cast-iron  pipe  to  withstand 
the  3-edge  bearing  test  may  more  safely  he  based  on 
the  results  of  tests  on  plain-end  specimens  than  on 
tests  of  bell-end  specimens. 

In  the  tests  of  spiral  corrugated  pipe  (table  4)  and 
ribbed  pipe  (table  5)  it  was  observed  that  the  speci- 
mens cracked  at  a  load  which  was  generally,  but  not 
always,  somewhat  less  than  the  ultimate  load.  Both 
the  load  at  which  the  first  crack  developed  and  the 
ultimate  load  are  reported  although  the  former  is 
considered  to  be  more  significant  of  the  ability  of  the 
pipe  to  withstand  the  strength  test. 

The  average  strength  at  first  crack  of  all  sizes  of  cor- 
rugated pipe  and  ribbed  pipe  exceeded  2,000  pounds  per 
foot  of  diameter  per  foot  of  length  and  only  one  speci- 
men (M-24-2)  developed  a  strength  lower  than  this. 

The  supporting  strength  of  spiral  corrugated  pipe  is 
so  dependent  on  the  dimensions  of  the  corrugations  and 
that  of  ribbed  pipe  is  so  dependent  on  the  size  and 
location  of  the  ribs  that  no  general  conclusions  may  be 
drawn  from  the  results  of  these  tests.  The  strengths 
reported  are  those  developed  by  pipe  of  certain  di- 
mensions and  design  and  it  is  not  possible  to  derive  from 
these  results  data  applicable  to  pipe  of  different  design 
or  dimensions.  The  only  conclusion  which  appears  to 
be  justified  is  that  corrugated  or  ribbed  pipe,  similar 
in  all  respects  to  those  included  in  these  tests,  may  be 
expected  to  develop  a  strength  in  the  3-edge  bearing 
test  of  at  least  2,000 D  pounds  per  linear  foot  of  laying 
length. 

DEFLECTION    OF   PIPE   DISCUSSED 

Typical  load-deflection  curves  obtained  in  these 
tests  are  shown  in  figure  8.  The  curves  for  all  the 
other  specimens  are  of  the  same  general  character  vary- 
ing only  in  the  magnitude  and  relationship  of  deflec- 
tions at  a  given  load. 

The  significant  data  with  respect  to  vertical  deflec- 
tions are  given  in  table  6.  This  table  shows  the 
deflections  of  all  specimens  under  a  load  of  3,000  pounds 
per  foot  of  laying  length,  the  maximum  load  at  which 
readings  on  all  pipe  were  available.  For  comparison, 
a  second  set  of  deflections  under  a  different  load  is  also 
given.  For  the  smooth  sand-cast  and  centrifugally 
cast  pipe  this  load  is  4,000  pounds  per  foot  of  laying 
length  and  for  the  spiral-corrugated  and  ribbed  pipe  it 
is  2,000  pounds  per  foot  of  laying  length. 

17285—33 2 


The  smooth  sand-casl  pipe,  SB-12-3,  of  manufacturer 

A  was  the  only  bell-end  specimen  on  which  deflection 
readings  were  obtained  with  the  load  applied  at  the 
center  of  the  bearing  block  rather  than  at  the  center  of 
the  length  of  the  pipe.  Comment  has  already  been 
made  regarding  the  effect  of  this  eccentric  load  applica- 
tion on  the  supporting  Strength  and,  as  is  to  he  expected. 

its  influence  on  deflections  is  apparent.  Comparing 
the  deflections  of  specimen  SB-12-3  under  a  load  of 
either  3,000  or  4,000  pounds  it  will  be  noted  thai  the 
deflection  of  the  spigot,  end  is  about  56  percent  greater 
than  t\\r  deflection  of  the  corresponding  plain-end 
specimen,  SP-12-1.  For  the  Hi-  and  20-inch  pipe  of 
manufacturer  A  and  the  18-inch  pipe  of  manufacture! 

B,  all  of  winch  were  tested  with  the  load  applied  at   the 

center  of  length  of  the  pipe,  the  deflections  of  the  spigot 
end  of  the  bell-end  pipe  are  about  the  same  as  the 
deflections  of  the  corresponding  pipes  with  plain  ends. 
Other  things  being  equal,  deflections  are  directly  pro- 
portional to  loads  and  therefore  it  is  to  he  expected,  as 
has  already  been  shown  to  have  been  the  case,  that  an 
eccentricity  of  load  application  which  causes  the  spigoi 
end  of  a  bell-end  pipe  to  deflect  much  more  than  a 
plain-end  pipe  of  the  same  metal  and  dimensions  under 
symmetrical  loading,  will  cause  the  hell-end  pipe  to  fail 
at  a  lower  load  than  the  pipe  with  plain  ends. 

The  data  of  table  f>  and  the  curves  of  figure  S,  which 
are  all  concave  downward,  show  that  the  deflections 
increased  at  a  somewhat  greater  rate  than  the  corre- 
sponding loads. 

A  comparison  of  the  average  deflections  of  bell-end 
pipe  with  those  of  pipe  with  plain  ends  shows  that  in  all 
cases,  the  presence  of  the  bell  resulted  in  a  greater 
stiffness  of  pipe.  However,  only  short  lengths  of  pipe 
were  tested.  The  increased  stiffness  is  not  always  the 
same  and  this  may  be  attributed  to  differences  in  the 
bells  themselves. 

Comparison  of  deflections  of  different  types  of  pipe  of 
the  same  size  shows  some  differences  in  flexibility  but  if 
should  not  be  concluded  that  these  differences  are 
necessarily  inherent  in  the  type  itself.  The  type  may 
have  a  considerable  influence,  as  in  the  case  of  the 
spiral-corrugated  pipe,  which  naturally  is  much  stiffer 
than  a  smooth  pipe  of  the  same  shell  thickness,  but  the 
details  of  design  are  also  of  great  importance.  In 
general,  pipe  of  the  larger  sizes  show  a  greater  flexibility 
than  those  of  smaller  size  but  this  need  not  necessarily 
be  the  case.  It  should  be  remembered  that  deflection 
of  a  smooth  pipe  under  a  given  load  is  dependent  on 
three  variables — diameter,  shell  thickness,  and  the 
modulus  of  elasticity  of  the  metal. 

The  vertical  deflection  of  smooth  pipe  with  plain 
ends  in  the  2-edge  bearing  test  :i  is  given  by  the  equa- 
tion 4 — 

Pr3 

A?/  -0.15  m  (2) 


,  here 


A//      vertical  deflection,  in  inches, 
P  =  load,  in  pounds, 
r     radius  of  center  line  of  shell,  in  inches, 

/'.      dulus  of  elasticity,   in   pounds  per  square 

inch, 
/     moment  of  inertia  of  a  longitudinal  element 
of  the  shell,  in  inches'. 


\    will  be  shown  in  I  hi'  discussion  of  modulus  of  rupture  of  pipe,  this  lest  iu 
considered,  for  all  practical  purposes,  to  be  the  same  as  the  3-edge  bearing  test. 

'  'rests  of  Cast-Iron  and  Reinforced  i  ioncrete  <  lulvei  t  Pipe,  by  Arthur  N.  Talbot, 
Bulletin  No.  22,  University  of  Illinois. 
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Figure  8. — Typical    Load-Deflection  Curves.     An    Asterisk  Following  the  Serial  Number    Indicates    Deflections 

Are  Averages  of  Measurements  at  Each  End  of  Pipe. 


This  equation  is  applicable  to  pipe  of  constant  section 
and  constant  modulus  of  elasticity.  Cast-iron  pipes, 
due  to  unavoidable  inaccuracies  in  manufacture,  are 
not  accurately  uniform  in  cross  section  and  the  modulus 
of  elasticity  of  cast  iron  is  not  a  constant.  However, 
the  formula  is  useful  as  a  basis  of  comparison  and,  as 
has  been  pointed  out  by  Talbot,  may  be  used  somewhat 
empirically. 

By  making  suitable  substitutions,  equation  1  may  be 
reduced  to  the  form — 


0.225PI 


Ay 


•0+J)" 


where 

t  =  shell  thickness,  in  inches, 

d  =  inside  diameter  of  pipe,  in  inches, 

6  =  length  of  pipe,  in  inches. 

For  convenience  equation  2  may  be  written- 

0.225P 


(2) 


(3) 


where 


K 


Oil 
'67 


Thus,  for  constant  value  of  load,  modulus  of  elas- 
ticity, and  length  of  pipe,  there  is  a  straight-line  rela- 
tionship between  deflections  and  values  of  K. 

Values  of  -,  and  Kior  the  smooth  pipe  with  plain  ends 

are  given  in  table  6  and,  in  figure  9,  these  values  of  K 
have  been  plotted  against  the  corresponding  observed 
deflections.  The  values  of  t  used  in  computing  K  are 
the  average  thicknesses  as  measured  along  the  crack 
in  the  pipe  and  given  both  in  tables  1,  2,  and  3  and 
tables  7,  8,  and  9.  Values  of  d  are  the  average  inside 
diameters  as  given  in  tables  7,  8,  and  9.  Since  the  pipe 
shells  did  not  have  a  constant  thickness  and  were  not 
always  exactly  circular  in  cross  section,  these  values 
of  t  and  d  are  not  necessarily  the  true  values  which 
should  be  used  in  computing  deflections.     However, 


November  1933 


PUBLIC    ROADS 


L67 


they  are  the  best  figures  available  and  it  is  believed 
that  there  are  no  departures  from  true  values  of  suffi- 
cient magnitude  to  introduce  errors  of  consequence  in 
this  discussion.  Therefore,  the  deviations  of  the  plotted 
points  from  the  straight-line  relationships  shown  in 
figure  9  arc  due  primarily  to  deviations  of  the  moduli 
of  elasticity  from  the  average  modulus  at  this  particular 
Load. 
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Figure  9. — Relationship  Between  Vertical  Deflections 
in  3-Edge  Bearing  Test  and  Values  of  K  for  Smooth 
Cast-Iron  Pipe  with  Plain  Ends  Based  on  a  Load  of 
3,000  Pounds  per  Linear  Foot  of  Pipe. 

The  average  straight-line  relationships  between  verti- 
cal deflections  and  values  of  K,  for  the  three  groups  of 
pipe,  correspond  to  moduli  of  elasticity  of  14,400,000, 
15,000,000,  and  19,300,000  pounds  per  square  inch, 
respectively,  for  the  sand-cast  pipe  of  manufacturer  B, 
the  sand -cast  pipe  of  manufacturer  A  and  the  centrif- 
ugally  cast  pipe.  This  order  of  values  of  moduli  is  not 
in  agreement  with  the  order  of  values  shown  by  the 
strip  tests  which  will  be  described  later.  The  average 
values  of  moduli  of  elasticity,  as  determined  by  tests  on 
strips,  are  lowest  for  the  sand-cast  pipe  of  manufac- 
turer A  and  highest  for  the  centrifugally  cast  pipe. 

While  there  is  a  fairly  large  difference  between  the 
average  moduli  of  the  sand-cast  pipe  and  that  of  the 
centrifugally  cast  pipe,  it  is  apparent  that,  for  the 
smooth  pipe  included  in  this  study,  the  magnitude  of 
the  vertical  deflections  under  a  given  load  in  the  3-edge 
bearing  test  was  influenced  more  by  variations  in  the 
ratio  of  shell  thickness  to  diameter  than  by  variations 
in  the  modulus  of  elasticity  of  the  metal. 

MODULUS   OF   RUPTURE    OF   PIPE  STUDIED 

The  load  capacity  of  cast-iron  pipe  in  the  3-edge 
bearing  tests  is  influenced  by  the  diameter  of  the  pipe, 
the  thickness  of  the  shell,  and  the  strength  of  the  metal, 
and  it  is  impossible  to  study  the  influence  of  any  one 
of  these  variables  without  a  knowledge  of  the  other  two. 
In  any  given  case,  the  first  two  variables  may  be  de- 
termined by  measurement.  As  a  measure  of  the  third 
variable,  the  strength  of  the  metal,  the  modulus  of 
rupture,  computed  from  the  results  of  tests,  is  useful. 

The  2-edge  or  "knife-edge"  bearing  test  is  the  same 
as  the  3-edge  bearing  test  except  that  in  the  former  the 
lower  bearing  consists  of  a  single  strip  instead  of  two 
strips  as  in  the  latter.     Thus,  in  the  2-edge  test  the 


specimen  is  loaded  through  the  upper  and  lower  ele- 
ments which  are  in  a  vertical  plane  through  the  longi- 
tudinal axis  of  the  pipe.  It  has  been  shown  '  that  in  a 
thin  elastic  ring  loaded  in  this  manner  the  maximum 
moment  occur-  under  the  load  and  i-  given  by  the 
equal  ion 


M 


I'r 


\> 


where 


\! ■     bending  moment,  in  inch-pounds, 
/'     load,  in  pounds, 
/      radius  of  center  line  of  ring,  in  inches. 

It  has  also  been  shown  ''  that,  for  a  thin,  elastic  ring 
in  the  3-edge  bearing  test,  the  moment  under  the  load 
is  given  by  the  equation 


..-.. 


here 


lower 


M3  =  bending  moment  in  inch-pounds, 
P  =  load  in  pounds, 

r  =  radius  of  center  line  of  ring  in  inches, 
a     one   half    the    distance,    between    the 
bearing  strips  in  inches, 

a  =  angle,  in  radians,  whose  sine  equals     . 


Equation  4  gives  calculated  bending  moments  some- 
what larger  than  those  given  by  equation  5  but  the 
difference  is  so  slight  as  to  be  negligible  for  pipe  having 
the  dimensions  of  those  which  are  under  discussion. 
For  example,  for  a  pipe  having  an  inside  diameter  of 
12  inches  and  a  shell  thickness  of  one  half  inch,  the 
moment  for  the  2-edge  bearing  exceeds  that  for  the 
3-edge  bearing  with  lower  bearings  1  inch  apart,  by  less 
than  1  percent.  The  same  is  true  for  a  pipe  having  an 
inside  diameter  of  48  inches,  a  shell  thickness  of  1  inch, 
and  the  lower  bearings  in  the  3-edge  test  spaced  I  inches 
apart.  Since  this  is  the  case,  it  will  be  sufficiently 
accurate,  and  more  convenient  on  account  of  its  greater 
simplicity,  to  use  the  equation  for  the  2-edge  bearing 
test  in  calculating  the  modulus  of  nipt  lire  for  pipe  tested 
in  the  3-edge  test. 

The  modulus  of  rupture  may  be  calculated  from  the 
usual  flexure  formula 


R 


Mr 


(6) 


where 


JB  =  modulus  of  rupture,   or  computed    fiber  stress 

in  pounds  per  square  inch, 
M=  bending  moment  in  inch-pounds, 
c  =  distance  from  neutral  axis  to  extreme  fiber  in 

inches, 
/--moment  of  inertia  of  the  section   (longitudinal 
element  of  the  shell),  in  inches  '. 

Combining  equations  I  and  ti, 

Pre 


R 


ttI 


«  Tests  of  Cast-iron  and  Reinl  crete  Culvert  Pipe,  by  Arthur  N.  Talbot, 

Bulletin  Nil  22,  University  <>(  Illinois.  Experimental  and  Mathematical  Analyses 
of  Drain  Tile  Testing  ami  New  'lest  Bearing,  by  Dalton  0  Millet  and  Joseph  A 
Wise,  Technical  Bulletin  52,  University  of  Minnesota  Agricultural  Experiment 
Station. 
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Let 


d  =  inside  diameter  of  pipe  in  inches, 
t  =  shell  thickness  in  inches, 
b  =  length  of  pipe  in  inches. 


Then 


ff  = 


0.955  Pjd  +  t) 

~  hi2 


(7) 


When 


6  =  12  inches  and  P  =  load  in  pounds  per  linear  foot 
of  pipe, 


R 


.0796P(d  +  t) 
f2 


(S) 


The  flexure  formula,  equation  6,  is  based  on  the 
assumptions  that  the  modulus  of  elasticity  is  a  constant 
and  that  the  fiber  stress  is  within  the  elastic  limit  of 
the  material.  For  cast-iron  at  the  breaking  load  these 
assumptions  are  not  fulfilled  and  therefore  the  modulus 
of  rupture,  as  given  by  equations  7  or  8,  is  not  the  true 
stress  in  the  outer  fiber.  However,  as  with  other 
materials,  the  calculated  modulus  of  rupture  of  cast-iron 
is  a  useful  measure  of  the  strength  of  the  material  at  its 
ultimate  load. 

DESIGN    DATA    PRESENTED 

Values  for  the  moduli  of  rupture  of  the  smooth  pipe 
with  plain  ends  (described  in  tables  1,  2,  and  3)  have 
been  calculated  from  equation  8  and  the  results  are 
given  in  tables  7,  8,  and  9.  These  tables  also  give  the 
average  inside  diameters  of  the  pipe,  which  generally 
vary  somewhat  from  the  nominal  diameters;  and  the 
maximum  and  minimum,  as  well  as  the  average,  thick- 
ness of  shell  at  the  break.  In  the  computations,  the 
average  inside  diameter  was  substituted  for  d  and  the 
average  shell  thickness  at  the  break  for  t. 

Table  7. — Breaking  load  and  moduli  of  rupture  of  smooth  sand- 
cast  pipe  with  plain  ends  of  manufacturer  A 


Identifica- 

Nom- 
ina] 

diam- 
eter 

A  ver- 

age 
inside 
diam- 
eter 

Shell  thickness  al 
break 

Break- 
in" 
load 

Modu- 
lus of 

rup- 
ture 

Aver- 
age 

Devi- 
ation 
from 

tion  no. 

Maxi- 
mum 

Mini- 
mum 

A  ver- 

age  ' 

grand 
aver- 
age 

SP-12-1  

2. 

3 
SP-10-1 

2 

3 
8P-20-L    .... 

2 

3 
SP-24-1 

3 

SP-30-1 

■> 

3 

SP-36-1     .  .. 
3 

SP-42-! 
•> 

3 
SP-48-1... 

•> 

3     

Inches 
12 
12 
12 
16 
16 
16 
20 
20 
20 
24 
24 
24 
30 
30 
30 
36 
36 
42 
42 
42 
48 
48 
48 

Inches 
12.2 
12.2 
12.  2 
16.  2 
16  2 
16.2 
20.5 
20.5 
20.5 
24.5 
24.5 
24.5 
30.2 
30.2 
30.1 
36.2 
36.0 
42.0 
42.0 
42.  1 
48.4 
48.5 
48.5 

Inches 
0.47 
.46 
.46 
.  58 
.52 
.54 
.54 
.52 
.51 
.55 
.59 
.57 
.71 
.77 
.76 
.85 
.93 
1 .  08 
1.01 
.  96 
1  05 
.93 
.99 

Inches 
0.44 
.41 
.41 
.  52 
.48 
.49 
.52 
.47 
.50 
.53 
.53 
.53 
.65 
.72 
.71 
.82 
.88 

1.04 
.99 
.92 

1   00 
.87 
.95 

Inches 
0.  45 
It 
.41 
.55 
.  50 
.51 
.  53 
.50 
.50 
.54 
.56 
.55 
.68 
.74 
.73 
.84 
.91 
I.  06 

1.00 

.93 
1.02 
.90 
.97 

Lh.  per 
foot 
8,  520 
7,750 
7,650 
8.140 

7,  350 
7.440 
7,270 
6,550 
5,580 
4,800 
6,040 
6,  580 
7.490 
7,120 
6,830 

8,  530 

9,  500 
11,980 
10,  430 
10,  320 

8,400 
7,430 
7,820 

Lb.  pn 

SI/,  in. 

42.  300 
40.  300 
39,  700 
35,  900 
39,  100 
38,  000 

43,  300 
43,  700 

37,  300 
32,  800 

38,  400 
43,  400 

39,  SOO 

32,  000 

31,  500 

35.  600 

33,  700 

36,  500 

35,  700 

40,  800 
31,800 

36,  100 

32,  700 

Lb.  Tier 

sq.  ill 

[40,  800 

37,  700 

41.100 

138,  200 

34,  400 
134,600 

[37.  700 

33,  500 

Per- 
cent 
|        13.  1 

7.8 

1          6.  1 

1          4.0 

4.5 

1.6 

1        15.8 

1       '"I 

1       12. 3 
2.7 
1       16.0 
1        6.4 
14.1 
[       15.8 
1         4.8 
1         9.9 

1         '-'• 4 
4.5 

9.  1 
1       15.0 

3.5 
1        12.6 

lirand  av . ._ 

37,  400 

8  7 

Table  8. — Breaking  load  and  moduli  of  rupture  of  smooth  sand- 
cast  pipe  with  plain  ends  of  manufacturer  B 


Identifica- 

Nom- 
inal 

diam- 
eter 

Aver- 
age 
inside 
diam- 
eter 

Shell  thickness  at 
break 

Break- 
ing 
load 

Modu- 
lus of 
rup- 
ture 

Aver- 
age 

Devi- 
ation 
from 

tion  no 

Maxi- 
mum 

Mini- 
mum 

A  ver- 

age  1 

grand 
aver- 
age 

SP-12-1 

2 

3 
SP-18-1 

2 

3 

SP-24-1 

2.     ... 

3 
SP-30-1... 

'> 

3 

SP-36-1... 

2.  . 

Inches 
12 
12 
12 
18 
18 
18 
24 
24 
24 
30 
30 
30 
36 
36 

Inches 
11.9 
11.9 
12.0 
18.0 
18.0 
17.9 
23.8 
24.0 
24.0 
30.  0 
30.0 
30.  0 
36.  0 
36.  0 

Inches 
0.59 
.50 
.51 
.55 
.47 
.52 
.63 
.64 
.61 
.  75 
.70 
.72 
1.03 
.99 

Inches 
0.44 
.42 
.44 
.43 
.42 
.44 
.55 
.57 
.60 
.59 
.65 
.59 
.88 
.82 

Inches 
0.51 
.46 
.48 
.48 
.44 
.47 
.60 
.62 
.60 
.70 
.68 
.68 
.95 
.94 

Lh.  per 
foot 
8,200 
6,  900 
8,  650 
1,2811 
4.870 
6,120 
5,850 
7,300 
6,  890 
6,  780 
6,  630 
6,  090 
10,  590 
10,  170 

Lb.  per 
sq.  in. 

31.  100 
32. 100 
37,  300 
27,  300 

36,  900 
40,  500 
31,500 

37,  200 
37,  500 

33,  800 
35,  000 

32.  100 

34,  500 

33.  800 

Lb.  per 
sq.  in. 

>33, 500 

|34,  900 

135,  400 

33,  600 
}34,  200 

Per- 
cent 
|        9.3 

0.4 
{        8.7 
I       20. 4 
■I         7.6 
{       18.1 
|         8.2 

8.5 
(         9.3 
1         1.5 

2.0 
[         6.4 
f           .0 
\         1.5 

7.7 

1  Average  of  thickness  at  10  equally  spaced  points  along  the  crack. 

Table  9. — Breaking    load    and    moduli    of    rupture    of    smooth 
centrifugally  cast  pipe  with  plain  ends 


Identifica- 

Nom- 
inal 

diam- 
eter 

Aver- 
age 
inside 
diam- 
eter 

Shell  thickness  at 
break 

Break- 
ing 
load 

Modu- 
lus of 
rup- 
ture 

Aver- 
age 

Devia- 
tion 
from 

tion  no. 

Maxi- 
mum 

Mini- 
mum 

Aver- 
age i 

grand 
aver- 
age 

CP-12-1 

2 

3  .  . 
CP-16-1... 

2 

3 

CP-20-1... 

2 

Inches 
12 
12 
12 
16 
16 
16 
20 
20 
20 

Inches 

12.4 
12.4 
12.4 
16.4 
16.2 
16.0 
20.2 
20.2 
20.2 

Inches 
0.43 
.42 
.43 
.53 
.50 
.65 
.63 
.68 
.61 

Inches 
0.42 
.40 
.41 
.50 
.49 
.52 
.62 
.63 
.57 

Inches 
0.42 
.41 
.42 
.51 
.49 
.58 
.63 
.65 
.59 

Lb.  per 
foot 

8,  650 
9,020 

9,  270 
10,  770 
10,  800 
13,  130 
10,710 
12,  480 
10,960 

Lb.  per 
sq,  in. 
50, 000 

54,  700 
53,61)11 

55,  700 
59,  700 
51,  500 
44,700 
49,  000 
52, 100 

Lb.  per 
sq.  in. 

[52, 800 
[55,  600 
[48, 600 

Percent 
|        4.4 
4.6 
1        2.5 
|         6.5 
14.  1 
(         1.5 
|       14.5 
\         6.3 
I         0  4 

52,  300 

6.  1 

Average  of  thickness  at  10  equally  spaced  points  along  the  crack. 


1  Average  of  thickness  at  10  equally  spaced  points  along  the  crack. 

In  comparing  the  average  moduli  of  rupture  of  the 
three  groups  of  specimens  shown  in  these  tables,  the 
relatively  high  modulus  of  the  centrifugally  cast  pipe  is 
noteworthy.  The  pipe  of  this  group  have  an  average 
modulus  of  rupture  of  52,300  pounds  per  square  inch 
as  compared  with  37,400  pounds  per  square  inch  for 
the  sand-cast  pipe  of  manufacturer  A  and  34,300  pounds 
per  square  inch  for  the  sand-cast  pipe  of  manufacturer 
B.  These  results,  as  well  as  those  of  the  strip  tests 
to  be  described  later,  show  that  the  centrifugally  cast 
metal  in  these  specimens  is  unquestionably  of  materially 
higher  strength  than  the  metal  in  the  specimens  which 
were  cast  in  sand  molds  in  accordance  with  common 
foundry  practice. 

The  consistency  of  the  values  of  modulus  of  rupture 
developed  by  individual  specimens  in  each  of  the  three 
groups  is  considered  to  be  reasonably  good,  the  average 
deviations  being  8.7  percent,  7.7  percent,  and  6.1  per- 
cent, respectively,  for  the  sand-cast  pipe  of  manufac- 
turer A,  the  sand-cast  pipe  of  manufacturer  B,  and  the 
centrifugally  cast  pipe.  The  relatively  low  average 
deviation  for  the  centrifugally  cast  pipe  may  be  indic- 
ative of  a  more  uniform  product  but  this  figure  is 
established  by  fewer  specimens  than  in  the  other  groups 
and  the  maximum  deviations  for  individual  specimens 
of  centrifugally  cast  pipe  are  not  greatly  lower  than 
are  those  for  individual  specimens  of  the  sand-cast  pipe 
of  manufacturer  A. 
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It  is  important  to  note  thai,  in  spite  of  the  reason- 
ably low  average  deviations,  the  calculated  moduli  of 
rupture  of  individual  specimens  vary  through  a  rather 
wide  range  in  all  three  groups.  For  the  sand-cast  pipe 
of  manufacturer  A  the  modulus  of  rupture  varies  from 
a  minimum  value  of  31,500  pounds  per  square  inch  to  a 
maximum  of  13,700  pounds  per  square  inch  and  the 
maximum  deviation  from  the  average  is  16.8  percent. 
The  variation  for  the  sand-cast  pipe  of  manufacture  B 
is  from  27,300  to  40,500  pounds  per  square  inch  with  a 
maximum  deviation  of  20.4  percent,  while  for  the 
centrifugally  cast  pipe  the  range  is  from  44,700  to  59,- 
700  pounds  per  square  inch  with  a  maximum  deviation 
of  14.5  percent. 

The  moduli  of  the  sand-cast  pipe  of  manufacturer  A 
and  of  the  centrifugally  cast  pipe  show  a  general  trend, 
though  not  a  very  marked  or  consistent  one,  toward 
lower  values  with  increasing  thicknesses  of  shell.  The 
moduli  developed  by  the  sand-cast  pipe  of  manufac- 
turer B  appear  to  he  independent  of  shell  thickness. 

A  knowledge  of  the  modulus  of  rupture  of  cast-iron 
pipe,  which  may  be  expected  in  any  particular  case,  is 
useful  in  designing  pipe  to  resist  a  given  load  in  the 
3-edge  bearing  test,  or  in  predicting  the  approximate 
load  which  pipe  of  a  given  thickness  and  known  quality 
of  metal  will  support. 

The  strength  of  pipe  in  the  3-edge  test  is  commonly 
expressed  in  pounds  per  linear  foot  of  pipe  per  foot  of 
pipe  diameter.  Thus,  pipe  is  said  to  have  a  strength 
of  2,000  D  pounds  per  linear  foot,  I>  being  the  nominal 
inside  diameter  of  the  pipe  in  feet.  In  this  connection 
it  is  convenient  to  transpose  equation  8  into  another 
form. 

In  this  equation — 

P  =  load  in  pounds  per  linear  foot  of  pipe, 
d  =  inside  diameter  of  pipe,  in  inches, 
Let  L  =  load  in  pounds  per  linear  foot  of  pipe  per  foot 
of  pipe  diameter. 

ThenP  — 

Substituting  in  equation  8, 
.0796  Ld  (d  +  t) 


and 


/?  = 


12  Rt- 


1 2t2 


12  R  ,, 


O7!Hi^+<r07%(1+£) 


(9) 


Thus,  for  any  given  value  of  load,  L,  and  modulus  of 

rupture,  R,  the  ratio  of  shell  thickness  to  diameter -j is 

a  constant. 

The  curves  of  figure  10  are  based  on  calculations  made 
with  equation  9  and  may  be  used  to  determine  the  shell 
thickness  of  smooth  cast-iron  pipe  for  any  required 
strength  and  assumed  modulus  of  rupture,  or  to  pre- 
dict the  approximate  strength  of  pipe  when  the  ratio, 

,  |  and  the  approximate  modulus  of  rupture  is  know  n. 

In  designing  pipe  for  strength  by  the  use  of  equation 
9  consideration  should  be  given,  in  the  selection  of  the 
value  of  R  to  be  used,  to  the  range  in  values  of  modulus 
of  rupture  which  may  be  expected  in  pipe  manufactured 
to  meet  the  design  requirements.  Also,  some  allow- 
ance in  shell  thickness  should  be  made  as  a  safeguard 
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Figure  10. — Theoretical  Relation  Between  Ultimate 
Load  in  the  3-Edge  Bearing  Test  and  the  Ratio  of 
Shell  Thickness  to  Inside  Diameter  for  Smooth  Cast- 
Iron  Pipe  with  Plain  Kxns. 

against  unavoidable  inaccuracies  in  the  manufacture  of 
the  pipe.  An  arbitrary  increase  in  the  theoretical 
thickness  given  by  equation  tt,  of  not  less  than  10 
percent    is  suggested. 

BENDING    TESTS    MADE    ON    STRIPS    CUT   FROM    PIPE 

Some  specifications  for  cast-iron  pipe,  notably  those 
of  the  Federal  Government,  require  bending  tests  on 
small  machined  strips  cut  from  sample  pipe,  and  pro- 
vide limiting  values  for  the  modulus  of  rupture  of  such 
strips  and  for  the  secant  modulus  of  elasticity  at  the 
breaking  load. 

For  example,  the  following  requirements  are  quoted 
from  Federal  Specification  WW-P-421  for  Cast-iron 
Water  Pipe  (Bell  and  Spigot): 

F-4a.  From  eacli  300  lengths  of  pipe,  or  fraction  thereof,  of 
each  size  in  the  contrad  or  order,  one  length  of  pipe  shall  In- 
selected  by  the  inspector  before  coating.  From  each  sample 
pipe  there  shall  be  cut  and  machined  one  test  strip  12  inches 
long,  0.50  inch  deep,  and  the  full  thickness  of  the  shell  in  width. 
This  shall  be  tested  as  a  beam  (with  machined  surfaces  top  and 
bottom)  on  supports  10  inches  apart  with  load  applied  at  two 
points  3%  inches  from  the  supports.  The  strip  shall  be  accu- 
rately calipered  at  point  of  rupture  and  stress  calculated  by  the 
formula 

l'Lc , 
(>/ 


,S'  = 


>r  for  tli 


love  s] 


a        10P 

M-eimen  6=      , 
It 


F-4I>.  The  secant   modulus  of  elasticity  at  the  breaking  h 
shall  be  calculated  by  the  formula 

'23PL3 


E-- 


1296/?/' 


>r  for  the  above  specimen  E=S 


42.6 


t  hese  formulas, 

S  modulus  of  rupture, 

/•.'  modulus  of  elasticit  \ . 

/'  total  load, 

L  length  of  span, 

C  distance  t  o  ext  rcine  fiber, 

/  moment  of  inertia, 

/*  width  of  specimen    i  hick  m 

d  depl  h  of  specimen, 

II  center  deflection  at  load   /' 


if  pipe  i, 


It  has  been  suggested  that  the  modulus  of  rupture 
developed  by  these  small  test  specimens  might  serve 
as  an  index  of  the  modulus  of  rupture  developed  by 
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Figure  11. — Apparatus  for  Testing  Small  Strips  op  Metal  Cut  from  Cast-Iron  Pipe. 


the  specimens  of  pipe  from  which  the  strips  are  cut 
in  the  3-edge  bearing  test.  The  advantages  to  be 
gained  by  testing  small  strips  of  metal  rather  than  full- 
size  specimens  of  pipe,  both  from  the  standpoint  of 
convenience  and  economy,  are  manifest.  In  order  to 
determine  the  suitability  of  the  strip  test  as  a  measure 
of  the  supporting  strength  of  pipe,  a  complete  series  of 
tests  was  made  on  strips  cut  from  all  the  smooth  pipe 
with  plain  ends  which  are  listed  in  tables  7,  8,  and  9. 

The  strips  were  taken  from  the  pipe  which  had  been 
broken  in  the  strength  tests  and  were  machined  and 
tested  in  accordance  with  the  specifications  quoted 
above.  A  20,000-pound  universal  testing  machine, 
converted  to  2,000-pound  capacity  for  these  tests,  was 
used  for  applying  the  loads,  the  moving  head  being 
operated  at  an  idle  crosshead  speed  of  0.03  inch  per 
minute. 

The  loads  were  applied  to  the  strips  at  the  third 
points  through  a  system  of  cylindrical  rollers  and  the 
specimen  was  supported  by  blocks  with  line-bearings 
which  in  turn  were  supported  by  a  cylindrical  bearing 
at  one  end  and  a  spherical  bearing  at  the  other.  A 
view  of  the  testing  apparatus  is  shown  in  figure   11. 

The  cross-sectional  dimensions  of  the  specimen  at 
the  point  of  rupture  were  determined  by  measurements 
with  micrometer  calipers.  The  modulus  of  rupture 
was  computed  from  these  dimensions  and  the  load  at 
failure.  The  pitch  coating  and  any  sand  adhering  to 
the  surface  of  the  metal  was  removed  from  the  strips 
by  grinding  before  they  were  tested. 

The  deflections  of  each  strip  at  the  center  of  span, 
for  increments  of  load  up  to  failure,  were  measured 
with   a  micrometer  dial  reading  to  0.001   inch.     The 


deflection  data  were  used  to  compute  the  tangent  mod- 
ulus of  elasticity  at  the  origin  and  the  secant  modulus 
of  elasticity  at  failure. 

The  most  convenient  location  in  the  broken  pipe 
from  which  to  obtain  material  for  the  strips  was  near 
the  crack  which  had  resulted  in  the  failure  of  the  pipe 
in  the  loading  test.  Since  the  metal  in  this  area  had 
been  subjected  to  high  stress  it  was  necessary  to  make 
a  preliminary  investigation  to  determine  if  the  physical 
characteristics  of  the  metal  had  been  materially  altered 
by  the  stress  to  which  it  had  been  subjected.  In  this 
connection  it  should  be  noted  that  the  direction  of 
bending  in  the  tests  of  the  pipe  was  at  right  angles  to 
that  in  the  bending  tests  on  the  strips. 

For  the  preliminary  investigation,  3  strips  were  cut 
from  each  of  5  locations  in  the  half  circumference  of 
the  shell  of  one  of  the  48-inch  pipes  with  plain  ends  of 
manufacturer  A  (specimen  SP-48-1).  The  strips  were 
taken  from  the  top  (about  2  inches  from  the  crack) 
and  bottom  of  the  shell,  from  a  location  on  the  hori- 
zontal axis  through  the  center  line  and  from  points 
midway  between  this  and  the  top  and  bottom.  Thus 
there  were  specimens  from  two  areas  of  maximum 
positive  bending  moment,  one  area  of  maximum  nega- 
tive moment,  and  two  areas  where  the  bending  moment 
was  very  small. 

The  moduli  of  elasticity  and  of  rupture  calculated 
from  the  results  of  flexure  tests  on  these  strips  are  given 
in  table  10.  The  results  indicated  that  three  strips, 
one  from  each  of  three  locations,  were  defective  and 
the  values  for  these  were  not  included  in  the  calcula- 
tions of  average  values.  The  individual  values,  ex- 
clusive of  those  of  the  defective  strips,  are  quite  con- 


November  1933 


PUBLIC    ROADS 


171 


IOOO 


SAND-CAST -MANUFACTURER  A 


SAND-CAST  -MANUFACTURER  B 


CENTRIFUGAL  I.Y    CAST 


05  .10  .15 

O  05         .10 


.20         .25 
.15  .20 


05  .10  .15  .20 

0  .05  .10  .15  .20 

DEFLECTION  -  INCHES 


05  .10 

0  .05 


.15         20 

.10         .15         20 


Figure   12.     Typical  Load-Deflection  Curves  of  Strips  from  Smooth  Cant-Ikon   Pirn  with   Plain    End 
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Figure  13. — Typical  Stress-Deflection  Curves  of  Strips  from  Smooth   Cast-Iron    Pipe  with    Plain    I 


sistent  and  the  average  values  show  no  significant  dif- 
ferences between  strips  taken  from  areas  of  high  stress 
and  those  taken  from  areas  of  low  stress.  Table  LO 
shows  that  none  of  the  defective  strips  were  taken  near 
the  crack  nor  at  the  bottom  of  the  pipe,  the  two  posi- 
tions of  greatost  bending  moment.  Therefore,  it  was 
concluded  that  the  test  strips  from  the  other  pipe  might 
safely  be  taken  from  the  vicinity  of  the  crack  which 
had  developed  under  the  loading  test,  and  this  was 
done. 


RESULTS   OF  STRIP   TESTS   DISCUSSED 

The  results  obtained  in  the  strip  tests  are  given  in 
tables  11,  12,  and  L3,  and  typical  load-dellect  ion  and 
stress-deflection  curves  are  shown  in  figures  12  and  13. 

In  general,  \\  strips  from  each  pipe  specimen  were 
tested  but  in  a  number  of  cases,  where  Haws  were 
observed,  additional  specimens  were  machined  and 
toted.  In  mosl  cases  Haws  in  the  metal  could  not 
he  delected  by  visual  examination  before  the  ^t  rips 
had    been    broken    and    in    numerous   cases    the    Haws 
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Table  10. — Tests  on  strips  from  five  positions  in  one  48-inch  pipe 
[Modulus  of  rupture  of  pipe— 31,800  pounds  per  square  inch] 


Location  of  strips  in  pipe 

Modulus  of  elas- 
ticity 

Modulus 
of  rup- 

Origin 

Failure 

ture 

Top                   -.     

Million 

lb.  per 

sg.  in. 

11.50 

10. 35 

in  85 

Million 

lb.  per 

sg.  in. 

4.60 

4.65 

4.  79 

Lb.  pi  r 
sg.  in. 
33,100 

32,500 
33,  300 

10.90 

4.68 

33,  000 

12.38 
11.85 
10.93 

5.  02 
4.89 
6.17 

32,  300 

31,900 
'  19,600 

12.12 

i  '.», 

32, 100 

10.67 
8.64 
8.51 

4.75 
5.97 

4.57 

33,  600 

1  22.  401) 
31,500 

9.59 

4.66 

32,  0011 

11.60 
11.20 

11.22 

6.07 
4.77 
4.84 

■  26,  200 

31,900 
32,  000 

Average —  ..                                     .  . 

11    21 

4.80 

32,  400 

Bottom 

12  .^11 
12.4(1 
12.  Rl 

4.80 
4.  93 

1  ss 

32,800 

33,  200 

34.  000 

Average 

12.52 

4.87 

33,  300 

I  Irand  average  . 

11.34 

4.79 

32,  800 

1  Values  for  this  strip  excluded  from  averages. 

which  were  observed  had  no  apparent  influence  on  the 
strength  of  the  metal.  For  instance,  2  of  the  3  strips 
from  pipe  SP-20-2  (table  11)  had  flaws  and  yet  the 
modulus  of  rupture  of  both  of  these  strips  is  higher  than 
that  of  the  strip  in  which  no  flaw  was  detected. 

The  test  results  for  all  strips,  whether  defective  or 
not,  are  included  in  the  tables  and  all  results  have  been 


used  in  computing  average  values  except  in  the  case  o\ 
the  average  values  of  the  ratio  of  modulus  of  rupture  oi 
strips  to  modulus  of  rupture  of  pipe  (column  11,  tabk 
11,  columns  11  and  20,  table  12,  and  column  11,  table 
13).  The  following  explanation  is  given  for  this  pro- 
cedure which  is  at  variance  with  that  usually  followed 
in  experimental  work  of  this  nature. 

The  strip  test  has  been  proposed  as  a  specification 
requirement  to  replace,  at  least  to  some  extent,  the  more 
cumbersome  and  more  expensive  3-edge  bearing  test 
on  full-size  specimens  of  pipe.  If  this  is  to  be  done, 
the  strength  developed  by  the  strips  should  be  indicative 
of  the  modulus  of  rupture  of  the  pipe  as  determined  in 
the  3-edge  test.  A  study  of  the  data  shows  that  flaws 
in  the  strips  in  some  cases  resulted  in  a  material  reduc- 
tion of  the  modulus  of  rupture  and  in  other  cases  did 
not.  The  data  also  show  that  strips  with  flaws  and  of 
low  strength  were  sometimes  obtained  from  pipe  of 
more  than  average  strength  and,  conversely,  that  strips 
of  more  than  average  strength  were  sometimes  obtained 
from  pipe  of  relatively  low  strength.  It  appears  that, 
in  routine  testing  to  determine  compliance  with  speci- 
fications, low  strength  due  to  flaws  in  strips  would  not 
necessarily  be  indicative  of  low-strength  pipe.  It  is 
felt  that,  in  the  study  of  the  suitability  of  the  strip 
test  for  the  proposed  purpose,  the  test  values  of  all 
specimens  are  of  equal  importance  in  arriving  at  con- 
clusions. 

As  has  been  stated,  the  surfaces  of  the  strips  were 
ground  to  remove  the  coating  of  pitch  and  any  adhering 
sand  before  testing.  In  the  case  of  the  sand-cast  pipe 
of  manufacturer  A  and  the  centrifu  gaily  cast  pipe  this 
did  not  result  in  appreciable  reduction  in  the  breadth 
of  the  specimen.  However,  the  surfaces  of  the  sand- 
cast  pipe  of  manufacturer  B  contained  a  considerable- 
amount  of  embedded  sand  and  the  removal  of  this  by 
grinding  reduced  the  breadth  of  the  specimens  by  vary- 
ing amounts,  frequently  as  much  as  several  hundredths 


Table   11. — Results  of  bending  tests  on  strips  from  smooth  sand-cast  pipe  with  plain  ends,  manufacturer  A 


Modulus  of  elasticity  of  strips 

Modu- 
lus of 
rup- 
ture of 

strips 

Aver- 
age 

1  Avia- 
tion 

from 
grand 
aver- 
age 

Modu- 
lus of 
rup- 
ture of 
pipe 

Ratio  of 
modulus  of 

Identification  no. 

At  origin 

A  verage 

At  failure 

A  verage 

rupture  of 

strips  to 

modulus  of 

rupture  of 

pipe 

Remarks 

1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

Million  lb 

per  sg.  in. 
13.37 
13.94 
13.01 

Million  lb. 

per  sg.  in. 
13.44 

Million  lb. 

per  sg.  in. 

9.  13 

9.  22 
s.  21 

Million  lb. 

per  sg.  in. 
8.86 

Lb.  per 
sg.  in. 
35,  100 
30,  500 
38, 300 

Lb.  per 
sq.  in. 
36,600 

Per- 
cent 
2.8 
1.  1 
fi.  1 

Lb.  per 
sg.  in. 
42,300 

0.83 

.SO 
.91 

.  lii  r- 
nijr 
0.  S7 

2 

11.06 

•'  11.79 

12.63 

11.83 

s,  44 
6.71 
6.71 

7.29 

26,  hid 

36,  inn 

.  300 

32,  200 

26.9 

.8 

6.4 

III.  301) 

*.  or, 

.90 

.84 

'.87 

Flaw  at  break. 

; 

11  26 
10.97 
11.30 

11.  IS 

5.66 
7.10 
6.  75 

6.  50 

3.",,  1100 
31,500 
36,  300 

3  1,1100 

.6 

12.7 
.6 

39,  700 

,90 

*.79 
.91 

1.91 

Do. 

Average. . 

12.  15 

7.  55 

34,  500 

11),  Sill) 

.85 

SS 

12.  76 
12.98 
12.56 

12.  77 

1).  92 

7    SS 

7.03 

7.27 

41,900 
37,  400 
40,  000 

39,  soil 

10.  1 
3   6 
10.  S 

35,  900 

1.  17 
1.04 
1.  11 

1. 11 

Broke  0.05  inch  outside  middle  third. 

2 

1 1  88 

12  16 
13.96 

12.77 

7    I;-. 
7.  33 
7.  33 

7.27 

.IS,  MID 
41,000 

111,  Kill 

10,200 

6.  'i 
15.2 

11.9 

39,  Hill 

99 
1.06 
1.03 

1 .  03 

Broke  0.23  inch  outside  middle  third. 

3 

9.  57 
9.  50 
10.94 

)  I  85 

III  ill) 

l,   20 
5  '.U 
6.  15 

6   in 

35,800 
37,600 

39,  800 

37.7110 

8 
4.  2 
10.2 

38, 

94 

.99 
1.05 

.  99 

Specimen  warped. 

Average- 

6  88 

39.-. 

37,700 

1.04 

1.04 
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Table  11. — Results  of  bending  tests  on  strips  from  s?nooth  sand-cast  pipe  with  plain  ends,  ma  I     Continued 


Identification  no. 


SP-20-1. 


Average. 
SP-24-1 


Average. 
SP-30-1 


Average. 
SP-36-1 


Average. 
SP-42-1 _. 


Average. 
SP-48-1 


Average 

Grand  average. 


Modulus  of  elasticity  of  strips 


At  origin 


Million  lb. 

per  sg.  in. 
11.59 
12.39 
11.95 

12.75 
13.11 
13.25 

14.11 
13.  36 
13.95 


Average 


Million  lb. 

per  sg.  in. 

11.98 


13.  04 


11.95 

12.37 
12.33 
13.69 
13.17 
13.64 

12.77 
13.00 
12.33 
12.92 
13.81 
12.69 

10.82 
12.50 
11.13 


12.61 

10.35 
11.67 
11.58 

10.  59 
10.00 
10.24 

10.89 
10.56 
11.04 


11.33 
I  Lot) 
11.84 

10.16 
11.07 
11.08 


11.17 

!  11.53 
12.  19 
12.49 

10.30 
10.84 
11.06 

12.  80 

12.  78 


11.87 

11.50 
10.  35 
10.85 

10.02 
10.  35 

in  iki 

11.80 
10.89 

1.'  38 


11.87 


13.81 


12.86 


12.92 


11.48 


11.20 


10.28 


10.  83 


1 1 .  58 


12.07 


10.73 


12.79 


111  90 


in.  12 


At  failure 


Million  IU 
per  si/,  in. 

5.  67 

6.  22 

6.31 

(',.  21 
6.69 
6.22 

fi.  61 
6.  .v-' 
6.80 


\    1 


6.36 

8.18 

7.05 
6.95 
8.27 
8.45 
7.53 

8.23 

6.76 
6.87 
6.83 
6.29 
6.96 

6.23 
6.40 
6.64 


7.18 

5.17 
4.96 
4.82 

4.61 
4.46 
4.  03 

5.29 
4.92 
5.02 


6.00 
6.  20 
5.98 

6.87 
5.30 
5.17 


5.92 

6.21 
6.13 
5.97 

4.54 

4.  65 
4.45 

5.41 

5.  32 
5.  22 


5.  32 

t  60 
4.65 

4.  79 

os 

06 
5.08 

69 

5.  69 
5.51 


5.13 


6.24 


Million  Hi. 

per  mi    in. 
6.07 


6.37 


6.  64 


6.42 


4.98 


4.57 


5.08 


6.06 


5.78 


6.10 


4.55 


5.32 


4.68 


5.07 


5.63 


Modu 

III:;  nl 
rup- 

ture  "i 
itrip 


38, 600 

2(1,  200 

35,  400 
35,800 

35, 

31,  SOU 
37.  000 

33,  600 

37,  200 
35,  900 
37,900 
43,800 
30,  700 

38,  300 

38,  700 
37,  200 


36,  400 

38,  too 
38,600 
38,800 

33,900 
34,  000 
34,600 

33,  200 
34,000 

36,  400 


37,  700 
38, 800 

37,  900 

21,000 
32,400 
33,  900 

33,  600 

38,  700 
40,  300 

33,  i"" 
33,  100 

32,  500 

37,  100 
37,  100 
37,100 

35, 900 

33, 100 

32,  500 

33,  300 

33,  200 
32,  500 
35,900 
36,  700 


34, 100 


\  .  ei 
e 


sg.  in. 
-   J00 


.'-. 

37,800 

34,  500 

37,  500 

38,  100 

38,600 
34, 200 
34,  500 

38, 100 
29, 100 

37,  600 
33,000 
37,  100 

33,000 
33,000 
36,200 


Devia- 
tion 
from 

grand 

i .  ri 
age 


Per- 
cent 
11.4 

3.0 
7.8 

11.9 

.6 

13.0 

8.3 
3.0 


19.1 

1.9 
.8 
3.0 
3.6 
2.5 


6.9 
3.0 
.6 
5.0 
21.3 
1.7 

0.1 
7.2 
3.0 


6.4 
6.9 
7.5 

6.1 
5.8 
4.2 

8.0 
5.8 
.8 


4.4 
7.  5 
5.0 

41.8 
10.2 
6.1 


6.1 
7.2 
11.6 

7.5 

-    ■ 

10.0 

2.8 
2.8 
2.8 


8.3 

10.0 
7.8 

8.0 
7.8 
10.0 

.6 
.0 

1.7 


Modu- 
lus of 
rup- 
ture of 

pil"' 


Lb.  per 

si/.  III. 

43,  300 


43,  700 


37,  300 


41,400 
32, 800 


38,  400 


43,  100 


32,000 


31,500 


33,  7oi, 


io  of 
modulus  of 
rupture  of 
strips  to 
modulus  of 
rupture  of. 
pipe 


n  '.1; 
.86 
.90 

.92 
.83 

.  93 

1.05 

1.00 


.93 

'.  89 

1.08 
1.09 
1.07 
1.06 
1.13 

'.87 
.97 
.94 
.99 

1.14 
.96 


.95 

.96 
.97 
.97 

1.06 
1.06 

1.08 

1.05 
1.08 
1.  16 


1.04 

1.06 
1.09 

I   in, 

•.62 

.96 

1.01 


35, 700 


10, -1111 


30, 100 


32,  700 


33,500 


7.0      37,  100 


.97 

.  03 
1.  013 
1.10 

.94 
.  93 
.91 

.91 
.91 
.91 


.95 

1.04 
1.02 
1.05 

.92 

.  92 
.90 

1.  10 
1.10 
1.12 


.97 


1 

age 

0.90 


1.01 


1  n-.i 


'.97 
.97 


1.07 


1.10 


I. hi 
1.07 


98 


.'.12 


.91 


.95 

l.ol 


.'ii 


1.02 

1.98 


Remarks 


Flaw  at  break 

iien  warped 

Flaw  at  I 
Do. 


Flaw  at.  break. 

die  third. 
Flaw  at  break. 
Do. 
Do. 
Do. 
Do. 

Specimen  cracked. 
Flaw  at  break. 

Do. 

Do. 


Broke  0.23  inch  outside  mid- 


Specimen  cracked 


1  Values  marked  with  asterisk  (*)  omitted  from  this  average. 

2  Deflection  data  for  this  strip  shown  in  figs.  12  and  13. 
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Table   12. — Results  of  bending  tests  on  strips  from  smooth  sand-cast  pipe,  plain  ends,  manufacturer  B 


Identification  no. 


SP-12-1. 


Average. 
SP-18-1... 


Average . 
SP-24-1 


Average 


SP-30-1 

2 

3.. 

Average 

SP-36-1... 

2 

Average.. 

Grand  a\ 

erage 

Unground  strips 


Modulus  of  elasticity  of  strips 


At  origin 


Million  lb. 

per  sg.  in. 
14.42 
15.93 
15.82 

14.29 
14.68 
13.24 

13.87 
13.65 
13.08 
12.54 
12.  73 
12.67 
12.41 


13.79 

15.30 
15.32 
15.58 

13.38 
14.25 
13.53 

13.82 
14.38 
13.52 


14.34 

14.90 
14.05 
14.92 

14.18 
14.26 
14.67 

12.92 
13.18 
13.76 
13.38 
13.09 
13.32 


13.89 

12.88 
14.68 
14.49 

12.96 
12.10 
13.82 

13.96 
12.21 
14,19 


13.48 

13.20 
13.35 
13.55 

13.85 
13.76 
14.53 


13.71 


13.85 


Million  lb. 

per  sg.  in. 

15.39 


13.72 


13.91 


14.62 


14.37 


13.28 


14.02 


12.96 


13.45 


13.37 


14.05 


At  failure 


Million  lb. 

per  sg.  in. 
7.82 
7.57 
7.  CO 

7.98 
7.41 

7.  84 

7.88 
8.08 

8.  65 
7.83 
9.27 
7.60 

9.  54 


8.  92 

8.  ^7 
10.54 

8.71 
8.  98 

8.02 

9.33 
8.78 
8.42 


9.02 

8.43 
8.08 
8.54 

7.40 
7.73 
8.15 

8.64 
8.47 
9.75 
9.52 
10.52 
9.27 


8.71 

8.52 
8.64 
10.09 

8.12 
7.40 
8.33 

7.50 
8.57 
8.62 


8.42 

6.80 
7.20 
6.66 

8.59 
7.34 
8.00 


7.43 


Average 


Million  lb. 

per  sg.  in. 

7.66 


8.41 


9.44 


8.35 


7.76 


7.95 


8.23 


7.98 


Modulus  of 

rupture  of 

strips 


Lb.  per 

sg.  in. 
46, 200 
49,  200 
49, 600 

45, 000 
45, 400 
43, 000 

41,800 
40,  700 
38, 100 
41,900 
33,  COO 
38,  600 
32,  500 


42,  000 

46,  900 
48,  700 

40,  800 

34,  200 

41,  100 

39,  700 

40,  600 
39, 900 
39,  100 

41,200 


30, 100 

34,  300 
34,  500 
29, COO 

32,  700 
36,  000 

36,  500 

37,  200 
30,  100 
32,  800 


33,  700 

35,  700 

33,  900 

34,  600 

36, 900 
40,  100 
39, 000 

36, 700 


38,  200 


Average 


Lb.  per 
sg.  in. 
48,  300 


44,  500 


38,  200 


45, 500 


38, 300 


39,  900 


39,  700 


42,  400 


31,100 


32,  600 


35, 100 


33,  400 


34,  700 


38, 700 


Deviation 

from  grand 

average 


Percent 
20.9 
28.  8 
29.8 

17.8 
18.8 
12.6 

9.4 

6.5 
.3 

9.7 
12.0 

1.0 
14.9 


22.8 
27.5 

6.8 

10.5 
7.  C 
3.9 


C.3 

4.5 
2.4 


1.0 
2.4 

14.  1 
9.2 
9.9 

7.6 
14.4 
28.5 
14.4 
37.2 

9.7 


24.1 

14.4 
5.8 
4.5 

2.6 
21.2 
14.1 


6.5 
11.3 
9.4 

3.4 
6.0 
2.1 


11.8 


Modulus 

of  rupture 

of  pipe 


Lb.  per 
sg.  in. 
31, 100 


32, 100 


37,  300 


33, 500 
27, 300 


36,  900 


Id.  ..Hi) 


34, 900 
31,500 


37,  200 


37,  500 


35,  400 
33, 800 

35, 000 

32, 100 


33, 600 
34, 500 


33, 800 


34, 200 


34, 300 


Ratio  of  modulus  < 
rupture  of  strips  t 
modulus  of  ruptui 
of  pipe 


1.48 
1.58 
1.59 

1.40 
1.41 

1.34 

1.12 
1.09 
1.02 
1.12 
-.90 
1.03 
*.87 


1.25 

1.72 
1.78 
1.49 

.93 
1.11 
1.08 

1.00 
.99 
.97 


1.18 

1.32 
1.23 
1.24 

1.17 
1.12 
1.13 

.94 

.87 
*.73 

.87 
».64 

.92 


A i erage 
1.1 


'  l.( 


i  1.1 

i  1.1 


l.( 


i  1.1 

i.: 


1.02 


1.01 
1.02 


.93 
1.03 
1.04 

1.16 
*.94 
1.02 


1.00 

1.03 
.98 
1.00 

1.09 
1.19 

1.15 


'  l.( 

I  l.( 


l.( 


l.( 


1.07 


1.11 


1  l.< 

l.( 


1.  1 


l.C 

'  1.1 


1  Values  marked  with  asterisk  (*)  are  omitted  from  this  average. 

of  an  inch.  Moduli  of  rupture  computed  on  the  basis  of 
the  dimensions  of  the  ground  strips  are  undoubtedly 
more  indicative  of  the  strength  of  the  metal  itself  than 
are  similar  values  computed  on  the  basis  of  the  dimen- 
sions of  the  strips  before  grinding.  However,  moduli 
computed  on  the  latter  basis  are  more  directly  com- 
parable to  the  moduli  reported  for  the  pipe  specimens, 
since  these  were  calculated  on  the  basis  of  the  gross 
thickness  of  shell,  including  embedded  sand.  There- 
fore, in  table  12  which  shows  the  results  obtained  on 


strips  from  the  pipe  of  manufacturer  B,  values  of  modul 
of  elasticity  and  rupture  are  reported  for  both  ungrounc 
and  ground  strips.  The  tests  were  made  on  the  strips 
after  grinding,  and  no  tests  were  actually  made  or 
unground  strips. 

The  moduli  of  elasticity  and  rupture  reported  fo: 
unground  strips  were  obtained  by  using  the  loads  an( 
deflections  of  the  ground  strips  and  the  dimensions  o 
the  strips  in  their  original  condition  including  the  thick 
ness  of  embedded  sand.     Since  the  grinding  operntioi 
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Table  12. — Results  of  bending  tests  on  strips  from  smooth  sand-cast  pipe,  plain  ends,  manufacturer  B     Continued 


Identification  no. 


SP-12-1. 


Average. 

SP-18-1 


Average . 
SP-24-1 


Average 
SP-30-1 


Average. 

SP-36-1 


Average 
Grand  avi 


<  (round  sti  ips 


Modulus  of  elasticity  of  strips 


At  origin 


Million 

lb.  per 

sq.  in. 

14.70 

10.  23 

10.11 

14.57 
14.  98 
13.51 

14.37 
•'  14.  14 
13.  54 
13.08 
13.  29 
13.20 
12.94 


14.20 

15.98 
15.99 
10.27 

14.09 
15.00 
14.24 

15.50 
10.15 
15.08 


15.37 

15.90 
15.00 
15.98 

15.11 
15.19 
15.04 

13.80 
14.07 
14.09 
14.29 
13.97 
14.22 


14.83 

13.20 
15.12 
14.92 

14.40 

13.  45 
15.33 

15.48 
13. 55 
15.74 


14.58 

14.88 
15.06 
15.30 

2  14.77 
14.66 
15.49 


IS  03 


14.  74 


Average 


At  failure    Average 


Million 
lb.  per 
sq.  in. 
15.  68 


14.35 


13.51 


10.08 


14.44 


15.5s 


15.67 


15.31 


11.  IT 


14.43 


14.39 


14.92 


15.08 


14.97 


Million 

lb.  per 

sq.  in. 

7.97 

7.71 

7.74 

8.  11 

7.  56 
8.00 

8.  16 
8.37 
s.  95 
8.  17 
:i  68 
7  92 
9.95 


8.  33 

9.31 

9.  26 
11.00 

9.17 

9.45 
9.07 

10.40 
9.87 
9.39 


9.66 

9.03 

8.00 
9.15 

7.89 
8.23 
8.69 

9.23 
9.04 
10.41 
10.  17 
11.23 
9.90 


9.30 

8.77 
8.90 
10.39 

9.02 

8.  22 
9.24 

8.32 

9.51 
9.56 


9.10 

7.67 
8.12 

7.51 

9.  10 

7.82 
8.52 


v.  13 

s  '.«:; 


Million 
lb.  per 
sq.  in. 

7.  si 


7.90 


Modulus 
of  rupture 
of  strips 


9.  23 


9.91 


8.95 


8.27 


10.00 


9.35 


s.  S3 


9.13 


7.77 


.M  I 


Lb.  per 
sq.  in. 
47,  100 
50,  LOO 

50,  000 

45,  900 

46,  100 
43, 900 

43,  300 
42.  200 
39,  400 

13,  run 

35,  100 
40,200 

33, 900 


43,200 

19,000 
50,  you 

42,  600 

35,  900 

43,  200 
41,800 

45, 600 
44, 700 
43,  700 


44,  200 

44,  500 
41,300 
41,900 

40,  500 
44,  400 
44,  700 

37,  700 

35,  000 
29,  100 
34,  900 
25,  600 

36,  800 


38,  500 

35,  400 

35,  500 

29,  900 

36,400 
40,000 
10,500 

41,200 
33,400 

36,  400 


30,  500 

10,  200 

38,  200 
39, 000 

39,  400 
42,  800 
41,  000 


40,  200 


40,  000 


Lb.  per 

sq.  in. 
49,  300 


39,  .mi 


17,  500 


10,  300 


44,700 


45,  200 


33,200 


33  600 


19,  100 


41,300 


Devia- 
tion from 

average 


Percent 
16.0 
23.4 
24.6 

13.1 
14.3 
8.1 

6.7 
3.9 
3.0 
7.8 

13.  5 
1.0 

16  5 


20.7 
25.  1 
4.  9 

11.6 

6.4 
3.0 

12.3 

10.  1 

7.0 


9.6 

1.7 
3.2 

14.5 
9.4 
10.1 

7.  1 
13.8 
28.  3 
14.0 
36.9 

9.4 


12.8 
12.6 

26.4 

10.3 
1.5 
.2 

1.5 
17.7 
10.3 


Katio  of  modulus 
of  rupture  of 
strips  to  modu- 
lus of  rupture  of 

pipe 


1.0 
5.9 
3.9 

3.0 

5.4 
2.5 


1.51 
1.01 
1.63 

1.43 

1.45 
1.37 

1.  10 
1.  13 
1.06 
1.  17 
4.94 
1.08 
•.91 

1.29 

1.79 
1.86 

l .  56 

.97 

1.17 
1.13 

1.13 
1.  10 
1.08 


20 


Average 

1.59 


1.41 


1  1.  12     Flaw  at  break. 

Do. 

Do. 

Do. 

Do 
Flaw  ;ii  break.     Broke  0.4  inch  outside  middle  third. 
Flaw  at  break. 


1.27 

1.41 
1.31 
1.33 

1.25 
1.19 
1.20 

1.01 
.93 

-.78 
.93 

*.68 


1.09 


1.05 
1.05 


1.04 
1.14 
1.16 

1.28 
1.04 
1.13 


>  1.34 
i  l  83 


1.09 


i  1.27 
1.35 


i  1.15 
1  1.05 


1.09 

1.17 
1.  11 
1.13 

1.  17 
1.27 
1.23 

!    18 


'  1.13 
1.  13 


1.18 


Do. 
Broke  0,  ll  inch  outside  middle  third. 

Broke.0.42  inch  outside  middle  third. 

Broke  0.23  inch  outside  middle  third. 
Specimen  warped. 


Flaw  at  break. 

Do. 

Do. 
Flaw  at  break.    Broke  0.15  inch  outside  middle  third. 

Flaw  at  break.    Broke  0.05  inch  outside  middle  third. 


Flaw  ai  break 

Dn. 


Do. 


Broke  0.13  inch  outside  middle  third. 


2  Deflection  data  for  this  strip  shown  in  Figures  12  and  13. 

unavoidably  removed  small  amounts  of  surface  metal, 
the  strips  in  their  original  or  unground  condition  prob- 
ably would  have  supported  somewlial  greater  loads  than 
they  did  in  the  tests  which  were  made.  Therefore,  the 
moduli  reported  for  the  unground  strips  in  the  firsl  pari 
of  table  12  are  probably  somewhat  lower  than  the  true 
values  but  it  is  not  believed  thai  the  error  involved  is 
large  enough  to  be  of  any  import  tunc 


All  average  values  given  in  tables  l  l,  12.  and  13  are 
weighted  averages  and  arc  based  on  till  the  lest  results, 
irrespective  of  delects  in  individual  specimens,  with  the 
exception  of  the  average  values  given  in  column  11  of 
table  1 1,  columns  11  and  20  of  table  L 2  and  column  11 
of  table  1:5.     In  these  columns  tire  given  the  averages 

of  the  ratios  of  modulus  of  rupture  of  strips  to  1 lulus 

of  rupture  of  pipe,  and  the  moduli  of  strips  manifestly 
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Table   13. — Results  of  bending  tests  on  strips  from  smooth  centrifugally  cast  pipe  with  plain  ends 

Modulus  of  elasticity  of  strips 

Modulus 
of  rup- 
ture of 
strips 

Average 

Deviation 

from 

grand 

average 

Modulus 
of  rup- 
ture of 
pipe 

Ratio  of  modulus 
of     rupture     of 
strips  to  modu- 
lus of  rupture  of 
pipe1 

Remarks 

Identification  no. 

At  origin 

Average 

At  failure 

Average 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

2 .-   . 

Million 
lb.  per 
sg.  in. 

16.  22 
!  16.  17 

16.57 

16.99 
17.49 
17.94 

14.40 
14.16 
14.98 

16.10 

15.09 
14.43 
16.66 

16.75 
16.70 
17.16 

16.35 
16.34 
17.62 

16.34 

16.87 
16.09 
16.66 

15.58 

15.51 

i  16.00 

15.94 
15.70 
16.61 

Million 
lb.  per 
sg.  in. 
16.32 

17.47 

14.51 

15.39 
16.87 

16.77 

16.54 
15.70 
16.08 

Million 

lb.  per 

sg.  in. 

13.15 

11.71 

12.27 

14.03 
13.  51 
12.18 

11.81 
12.55 
12.84 

Million 
lb.  per 
sg.  in. 
12.38 

13.25 

12.40 

12.63 
10.85 
11.43 

10.15 
11.47 
11.86 

Lb.  per 
sg.  in. 
52, 000 
51, 100 
54,000 

41, 400 

45,  400 
45,  500 

52, 200 
47. 100 
34, 100 

IT.  mill 

44, 100 
41,800 
40, 900 

51, 600 
48,400 
51, 500 

45,400 
46, 200 
45,400 

Lb.  per 
sg.  in. 
52, 400 

44,100 

44,500 

42, 300 
50, 500 
45. 700 

45,200 
46,200 
41,900 

Percent 
13.5 
11.6 
17.9 

9.6 
.9 

.7 

14.0 
2.8 
25.6 

3.7 

8.7 
10.7 

12.7 

5.7 
12.4 

.9 
.9 
.9 

17.5 
33.6 
12.0 

.7 
5.0 
1.5 

5.7 
8.7 
11.4 

Lb.  per 
sg.  in. 
50,  000 

54, 700 

53, 600 

1.04 
1.02 
1.08 

.76 
.83 
.83 

.97 
.88 
•.64 

Average 
1.05 

.81 

i.93 

3 

Specimen  warped. 

Specimen  warped.    Broke  0.9  inch  out- 
side middle  third. 

12.68 

12.07 
11.73 
14.10 

11.12 
11.27 
10.  17 

11.48 
11.21 
11.61 

52, 800 
55, 700 

59, 700 

51,500 

.89 

.79 
.75 
.73 

.86 
.81 
.86 

.88 
.90 

.88 

'.92 

.76 

.85 
.89 

2  ... 

Broke  0.07  inch  outside  middle  third. 

3 

11.64 

9.49 
10.56 
10.41 

11.74 
10.84 
11.83 

11.45 
11.83 
12.31 

46, 100 

53,800 
30,400 
51,300 

45, 500 
48,100 
45,100 

43,  200 
41,800 
40, 600 

55,  600 
44,700 

49,000 

52, 100 

.83 

1.20 
♦.68 
1.15 

.93 
.98 
.92 

.83 
.80 

.78 

.83 
'  1.18 

.94 

.80 

CP-20-1 

2 

Specimen  cracked 

3 

Average 

16.11 

11.16 

44,400 

18,600 

.91 

1.95 

Grand  average 

16.18 

11.83 

45,800 

9.2 

52,300 

.88 

1.90 

i  Values  marked  with  asterisk  (*)  are  omitted  from  the  average. 

defective  have  been  omitted  in  order  to  show  the  small 
effect  on  the  grand  averages  of  these  columns  as  com- 
pared with  the  grand  averages  of  the  columns  immedi- 
ately preceding  which  are  based  on  all  test  results.  The 
omission  of  test  results  in  the  computation  of  these  aver- 
ages  was  based  entirely  on  personal  judgment.  If  the 
modulus  of  a  strip  was  materially  lower  than  the  average 
of  the  other  strips  from  that  pipe,  it  was  discarded; 
otherwise  it  was  retained. 

For  each  strip,  two  values  of  modulus  of  elasticity  are 
reported;  the  secant  modulus  at  failure  and  the  tangent 
modulus  at  the  origin.  Of  the  two,  the  secant  modulus 
is  more  suitable  for  use  as  a  specification  requirement  on 
account  of  the  greater  ease  and  accuracy  of  its  determi- 
nation. The  modulus  at  the  origin  is  of  some  interest 
in  showing  the  maximum  value  of  modulus  of  elasticity 
which  may  be  obtained  in  this  test. 

The  average  modulus  of  rupture  of  strips  taken  from 
the  centrifugally-cast  pipe  is  relatively  high  as  was  the 
case  in  the  tests  on  full-size  specimens.  It  may  also  be 
noted  that  in  the  tests  of  pipe  the  sand-cast  pipe  of 
manufacturer  A  developed  a  higher  average  modulus 
than  the  sand  cast  pipe  of  manufacturer  B,  while  in  the 
strip  tests  the  reverse  is  true.  The  average  modulus 
of  45,800  pounds  per  square  inch  for  the  strips  of  cen- 
trifugally casl  metal  may  be  compared  with  an  average 
modulus  of  38,200  pounds  per  square  inch  for  the 
unground  strips  of  sand-cast  metal  of  manufacturer  B 
and  36,100  pounds  per  square  inch  for  the  strips  from 


1  Deflection  data  for  this  strip  shown  in  figures  12  and  13. 

the  sand-cast  metal  of  manufacturer  A.  The  ground 
strips  from  the  sand-cast  pipe  of  manufacturer  B  devel- 
oped an  average  modulus  of  rupture  of  40,600  pounds 
per  square  inch.  The  inclusion,  in  the  computations, 
of  the  thickness  of  the  embedded  surface  sand  had  the 
effect  of  reducing  the  average  modulus  about  6  percent 
to  38,200  pounds  per  square  inch. 

The  consistency  of  the  values  of  modulus  of  rupture 
developed  by  individual  strips  is  indicated  by  the  aver- 
age deviations  of  7.0  percent,  9.2  percent,  and  11.8 
percent,  respectively,  for  the  sand-cast  metal  of  man- 
ufacturer A,  the  centrifugally  cast  metal  and  the  un- 
ground strips  of  the  sand-cast  metal  of  manufacturer 
B.  The  relatively  low  average  deviation  of  the  moduli 
of  rupture  developed  in  the  tests  of  centrifugally  cast 
pipe  may  be  thought  to  be  indicative  of  a  more  uniform 
product,  but  this  indication  is  not  corroborated  by  the 
above  results  from  tests  on  the  metals  themselves. 
The  moduli  of  rupture  of  the  ground  strips  (table  12) 
are  somewhat  more  consistent  than  those  of  the  un- 
ground strips.  This  is  to  be  expected  since  the  low- 
strength  material  ground  from  the  surface  of  the  strips 
was  not  of  uniform  thickness. 

STKIP  TESTS  NOT  A  SATISFACTORY  INDICATION  OF  PIPE  STRENGTH 

As  in  the  case  of  the  pipe  specimens,  the  moduli  of 
rupture  of  individual  strips  vary  through  a  rather  wide 
range.  For  the  sand-cast  strips  of  manufacturer  A  the 
modulus  of  rupture  varies  from  a  minimum  of  21.000 
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pounds  per  square  inch  to  a  maximum  of  43,800  pounds 
per  square  inch  with  a  maximum  deviation  from  the 
average  of  41.8  percent.  If  the  defective  specimens 
arc  excluded,  the  range  is  from  32,400  to  43,800  pounds 
per  square  inch.  For  the  unground  sand-casl  strips 
of  manufacturer  B,  the  variation  is  from  24,000  to 
49,600  with  a  maximum  deviation  of  37.2  percent. 
Exclusive  of  defective  specimens  the  range  is  from 
32,700  to  49,600  pounds  per  square  inch.  Strips  from 
the  centrifugally  cast  pipe  give  a  range  in  values  of 
moduli  of  rupture  from  30,400  to  54,000  pounds  pet- 
square  inch  with  a  maximum  deviation  of  33.0  percent 
Exclusive  of  specimens  manifestly  defective  the  range 
is  from  40,600  to  54,000  pounds  per  square  inch. 

In  the  strip  tests  there  is  the  same  general,  though 
far  from  consistent  trend  toward  somewhat  lower  values 
of  moduli  of  rupture  with  increasing  thickness  of  metal 
as  was  the  case  in  the  pipe  tests.  However,  the  rela- 
tionship is  too  vague  to  be  of  practical  significance. 

Both  the  tangent  modulus  of  elasticity  at  origin  and 
the  secant  modulus  at  failure,  show  the  centrifugally 
cast  metal  to  be  considerably  stiller  than  the  sand-cast 
metal.  Average  values  for  the  tangent  modulus  at 
origin  are  11,870,000  pounds  per  square  inch,  13,850,000 
pounds  per  square  inch  and  16,180,000  pounds  per 
square  inch,  respectively,  for  the  sand-cast  metals  of 
manufacturer  A,  manufacturer  B,  and  the  centrifugally 
cast  metal.  Corresponding  values  for  the  secant 
modulus  at  failure  are  6,240,000,  8,390,000,  and 
11,830,000  pounds  per  square  inch.  Here,  also,  there 
is  some  indication  of  a  general  trend  toward  decreasing 
values  with  increasing  thickness  of  metal,  which  ap- 
pears to  be  somewhat  more  pronounced  for  the  modulus 
at  failure  than  for  the  modulus  at  origin,  and  more 
pronounced  in  the  metal  of  manufacturer  A  and  the 
centrifugally  cast  metal  than  in  the  metal  of  manufac- 
turer B. 

Possibly  the  most  important  data  resulting  from  the 
strip  tests  are  the  calculated  ratios  of  the  modulus  of 
rupture  of  each  strip  to  the  modulus  of  rupture  of  the 
pipe  from  which  it  was  taken,  and  the  average  values 
of  these  ratios. 

Including  all  strips,  the  values  of  the  modulus  ratio 
for  the  sand-cast  pipe  of  manufacturer  A  range  from 
0.62  to  1.17,  with  an  average  of  0.97.  The  exclusion  of 
badly  defective  strips  changes  the  range  to  0.83  to  1.17 
and  the  average  to  0.98.  The  ratios  for  the  centrif- 
ugally cast  pipe  range  from  0.64  to  1.20,  with  an  aver- 
age of  0.88  for  all  strips  and,  exclusive  of  defective 
specimens,  an  average  of  0.90  with  a  range  of  0.73  to  1 .20. 

The  modulus  ratios  for  the  unground  strips  from  the 
sand-cast  pipe  of  manufacturer  B  range  from  0.64  to 
1.78,  with  an  average  of  1.11,  and  the  range  for  the 
ground  strips  is  from  0.68  to  1.86,  with  an  average  of 
1.18.  The  exclusion  of  defective  strips  changes  the 
ranges  of  individual  values  to  0.87  to  1.78  and  0.93  to 
1.86,  respectively,  with  average  values  of  1.15  and  1 .22. 

It  will  be  observed  that  there  is  a  considerable  differ- 
ence between  the  average  values  of  the  modulus  ratios 
for  the  three  groups  of  pipe.  It  will  also  be  observed 
that  the  exclusion  of  the  ratios  for  defective  strips  doc-, 
not  alter  the  average  values  materially  and  that  there 
is  the  same  general  relationship  between  them  irrespec- 
tive of  whether  the  defective  strips  are  included  or 
discarded. 

It  is,  perhaps,  to  be  expected  that  the  average  modu- 
lus ratio  for  the  centrifugally  cast  pipe  should   differ 


from  those  for  the  sand-cast  pipe,  since  the  physical 
characteristics  of  the  metals  themselves  differ  consider- 
ably. However,  if  the  strength  of  strips  is  to  he  ac- 
cepted as  a  measure  of  the  strength  of  the  pipe  from 
which  they  are  taken,  a  reasonably  do-,'  agreement 
should  exist  between  the  modulus  ratios  for  two  sets  of 
pipe  cast  in  a  similar  manner  and  of  metal  of  similar 
characteristics.  This  agreement  does  no1  exist  for  the 
sand-cast  pipe,  the  average  modulus  ratios  for  all 
specimens  being  0.97  for  manufacturer  A  and  1.11  for 
the  unground  strips  of  manufacturer  B. 

It   has   Keen    pointed  OUt    that    (1  )  obviously  defective 

strips  may  he  obtained  from  pipe  of  more  than  average 
strength;  (2)  that  strips  of  relatively  high  strength 
may  be  obtained  from  pipe  of  less  than  a\  erage  si  rengt  h  ; 
(3)  that  t  here  is  a  wide  range  in  the  individual  values  of 
the  modulus  ratios;  and  (4)  that  there  is  lack  of  agree- 
ment between  the  average  modulus  ratios  for  two 
groups  of  pipe  of  the  same  general  character.  'I'll 
facts  lead  to  the  conclusion  that  the  results  of  tests  on 
small  strips  cut  from  pipe  are  not  acceptable  indices  of 
the  strength  which  the  pipe  ma\  lie  expected  to  de- 
velop in  the  3-edge  bearing  test. 

USE   OF   TEST    RESULTS   IN    PREPARATION    <)l    SPECIFICATIONS 

During  the  progress  of  the  investigation  which  has 
been  described,  the  results  as  they  were  obtained  were 
made  available  from  time  to  tune  to  a  committee  of 
the  American  Society  for  Testing  Materials  which  was 
engaged  in  the  preparation  of  tentative  specifications 
for  cast-iron  culvert  pipe.  These  specifications,  AS. 
T.M.  Designation:  A142-32T,  which  have  now  been 
published  as  tentative  standards  of  the  society,  are 
believed  to  be  the  first  specifications  for  cast-iron  cul- 
vert pipe  in  which  the  required  shell  thicknesses  have 
been  established  on  a  rational  basis. 

These  tentative  specifications  recognize  three  classes 
of  pipe  known  as  standard,  heavy,  and  extra-heavy 
pipe  for  which  the  required  minimum  strengths  in  the 
3-edge  bearing  test  are,  respectively,  2,000  D,  3, 000  J), 
and  4,000  D  pounds  per  foot  of  laying  length. 

The  shell  thicknesses  for  smooth  pipe  were  calculated 
on  the  basis  of  equation  9  for  a  modulus  of  rupture  of 
30,000  pounds  per  square  inch  and  the  thicknesses  so 
determined  were  arbitrarily  increased  by  10  percent. 
Table  14  gives  the  specified  shell  thicknesses  and  their 
derivation. 

Table  14. — Shell  thickness  of  smooth  rust-iron   culvert   pipi    a 
required  by  A.S.  T.M.  tentative  standard  specification,  A  I  ',  .'-■'■  '  /' 


Standard  pipe 

Heavy  pipe 

Extra-heavy  pipe 

(2,00(1  J>) 

3,000  /), 

4,000  ]>) 

Nominal 

diameter 

Theo- 

Thru 

of  pipe 

Theo- 

retical 

Speci- 

Theo- 

retical 

Speci- 

Theo- 

ret  leal 

(inches) 

retical 

thick- 

fied 

retical 

thirk- 

fied 

thick- 

Bed 

thick- 

ness 

thick- 

t  lllrk 

thick- 

thick- 

ness 

thick- 

ness ' 

plus  10 
percent 

plus  10 
percenl 

i 

ness  ' 

plus  10 

percent 

ness 

Inches 

Inches 

Inches 

Inches 

Inrln  x 

Inches 

Inchix 

Influx 

Inches 

12 

ii  255 

0.281 

0.  37 

0.313 

0.344 

0.  :i7 

n  362 

i  398 

0.4(1 

14  ... 

298 

.  340 
.  383 
.  425 
.  .".HI 
638 
.  765 
.  893 

,  328 
.  374 
.421 

168 
.561 
.  702 
.H42 

982 

.37 
.40 
.42 
.  17 
.  56 
.70 
.84 

36 

.117 
.  470 

.  1)20 
.7X3 

.  402 
.  159 
.517 

.  689 
861 

1.206 

.  in 

16 

..',2 

.86 
1.03 

.  123 

,43 
.604 

.721 

1.086 

.  465 
.531 

.  597 

.  796 
.990 
1.195 
1 .  395 

.  40 

16  .  .  

.53 

18 

.  60 

20 

. ,,., 

24 

.80 

30 

1    IHI 

36 

1.20 

12          

1.20 

1.40 

18         

1.020 

1.  122 

1.12 

1 .  252 

I   378 

.    38      1.449 

1.594 

1.60 

1  Theoretical  thicknesses  calculated  for  modulus  of  rupture  of  30,000  pounds  per 
inch. 
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It  will  be  noted  that  the  specified  thicknesses  of  the 
12-,  14-,  and  16-inch  standard  pipe  and  of  the  12-inch 
heavy  pipe  are  somewhat  greater  than  the  theoretical 
thicknesses  increased  by  10  percent.  In  these  cases 
arbitrary  increases  were  made  in  order  that  the  required 
thickness  of  metal  be  not  less  than  three  eighths  of  an 
inch. 

If  the  moduli  of  rupture  obtained  in  the  tests  which 
have  been  reported  may  be  considered  generally  repre- 
sentative of  the  values  which  would  be  obtained  with 
any  commercially  available  cast-iron  culvert  pipe,  then 
the  modulus  of  30,000  pounds  per  square  inch,  which  is 
the  basis  of  design  in  the  tentative  specifications,  may 
be  considered  somewhat  conservative  since  it  is  some- 
what lower  than  the  average  values  which  were  ob- 
tained with  sand-cast  pipe.  However,  the  modulus 
of  one  pipe  tested  was  less  than  30,000  pounds  per 
square  inch  and  the  moduli  of  a  considerable  proportion 
were  between  30,000  and  35,000  pounds  per  square 
inch.  In  any  case,  any  conservatism  in  the  matter  of 
unit  stress  is  balanced  to  some  extent  by  the  provision 
of  the  specification  which  permits  a  maximum  under- 
run  in  thickness  of  15  percent. 

CONCLUSIONS 

The  following  conclusions,  based  on  the  results  ob- 
tained in  this  investigation,  are  presented: 

1.  In  the  3-edge  bearing  test  for  pipe  with  bell  ends 
it  is  preferable  to  locate  the  point  or  center  of  load 
application,  on  the  upper  bearing  block,  at  the  center 
of  pipe  rather  than  at  the  center  of  length  of  bearing. 

2.  The  design  of  cast-iron  pipe  to  withstand  the  3- 
edge  bearing  test  may  more  safely  be  based  on  the 
results  of  tests  on  specimens  with  plain  ends  than  on 
the  results  obtained  on  specimens  with  bell  ends,  due 
to  the  variable  and  uncertain  influence  of  the  bell  ends 
on    the    supporting    strength. 


3.  The  pipe  included  in  this  investigation  which  were 
centrifugally  cast  in  metal  contact  molds  were  of  con- 
siderably higher  strength  than  the  sand-cast  pipe. 

4.  Spiral  corrugated  pipe  and  ribbed  pipe,  similar  in 
all  respects  to  those  included  in  this  investigation,  may 
be  expected  to  develop  a  strength  in  the  3-edge  bearing 
test  of  at  least  2,000  D  pounds  per  linear  foot  of  laying 
length. 

5.  The  magnitude  of  the  vertical  deflections  of  pipe 
under  a  given  load  in  the  3-edge  bearing  test  is  in- 
fluenced by  the  type  of  design,  the  quality  of  the  metal, 
and  the  details  of  design.  For  the  smooth  pipe  in- 
cluded in  this  study  the  magnitude  of  these  deflections 
was  influenced  more  by  variations  in  the  ratio  of  shell 
thickness  to  diameter  than  by  variations  in  the  modulus 
of  elasticity  of  the  metal. 

6.  The  modulus  of  rupture  of  small  strips  cut  from  a 
specimen  of  pipe  is  not  a  good  index  of  the  modulus  of 
rupture  which  the  pipe  will  develop  in  the  3-edge  bear- 
ing test. 

RECOMMENDATIONS 

In  addition  to  the  above  conclusions,  it  is  desired  to 
offer  the  following  recommendations  with  respect  to 
the  design  of  smooth  cast-iron  pipe: 

1.  That  the  required  minimum  shell  thickness  be 
determined  on  a  rational  basis  such  as  is  provided  by 
the  theoretical  equation  (9)  which  has  been  presented. 

2.  That  the  selection  of  the  modulus  of  rupture  to 
be  used  in  design  be  made  on  the  basis  of  the  modulus 
which  may  be  expected  in  pipe  manufactured  to  meet 
the  design  requirements. 

3.  That,  as  a  safeguard  against  unavoidable  inac- 
curacies in  manufacture,  the  required  nominal  shell 
thickness  be  made  greater  than  the  theoretical  thickness 
as  determined  by  equation  (9),  by  an  arbitrary  allow- 
ance of  not  less  than  10  percent. 
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Laboratory  Tests  Assist  in  the  Selection  of  Materials 
Suitable  for  Use  in  Mud  Jack  Operations 


Reported  by  A.  M.  WINTERMYER,  Assistant  Highway  En, 


neer,  Division  of  T.-sis,  United  States  Bureau  oi  Publii    Roads 


tin]    features  of  an   investigation   of   the   suitability    of 
soils  for  special  purposes. 

MATERIALS  FOR  MUD  JACKING  MUSI    II  \\  I     CERTAIN 
(II  \l(  \(  TKItIS  ||(  s 


IN  THE  routine  procedure  for  testing  subgrade  --oils 
which  has  been  described  previously,1  it  was  desired 
to  include  tests  sufficient  in  number  and  varied 
enough  in  character  to  identify  all  of  the  various  soils 
apt  to  be  encountered  in  highway  construction  in  all 

parts  of  the  country  and  place  each  soil  in  the  proper  A  satisfactory  mixture  of  soil,  portland  cement,  an< 
subgrade  group  as  indicated  by  its  physical  charac-  water  for  use  in  raising  settled  areas  of  road  surfaces  by 
t eristics.  mud  jacking  (see  fig.  1  )  must  be  of  such  a  character  thai 

Much  of  the  soil   testing  is  now    done   for  one  of  the     it  can  be  readily  forced  through  the  mud  jack.      Il  must 
following  purposes:    (a)    Determining  the  suitability  of    possess  qualities  which   will  enable  it    to  spread   freely 


Figure  1. —  Low   Place  in  Concrete   Pavement   Being   Raised  to  Grade   by    Mud  Jacking. 


soil  or  soil  material  lor  some  particular  use  such  as 
hinder  in  sand-clay  and  grave]  loads,  filler  in  bituminous 
road  surfacing  or  soil  for  mud  jack  operations:  (6)  dis- 
tinguishing between  the  good  and  the  undesirable 
varieties  of  individual  groups  of  surfacing  materials 
such  as  limerock,  caliche,  shale,  etc.:  (<•)  identifying  the 
properties  of  materials  such  as  rock  powders,  diato- 
maceous  earths,  bentonites,  etc.,  which,  as  admixtures 
may  assist  in  the  stabilization  of  both  subgrades  and 
soil  road  surfaces. 

In  testing  materials  lor  a  special  use  the  tests  may  be 
limited  to  those  required  to  disclose  the  particular 
characteristics  essential  lor  the  particular  use.  Studies 
to  determine  testing  procedure  consist  of  three  distinct 
steps  as  follows: 

(a)  Analysis  to  determine  what  is  to  be  required  of 
the  material  for  the  use  intended. 

(b)  Determination  of  the  dominating  characteristics 
satisfying  these  requirements. 

(c)  Selection  of  the  particular  tests  best  suited  to 
furnish  the  desired  information  on  these  dominating 
characteristics. 

The  following  suggested  procedure  in  the  study  ol 
soils  for  use  in  mud  jack  operations  illustrates  the  essen- 

1  Reports  on  Subgrade  Soil  Studies,  reprinted  from  Public  Hurl 

T.  ind  8 

::■■<■ 


over  the  subgrade  as  the  separation  between  the  road 
surface  and  subgrade  increases  during  the  pumping 
operation,  and  it  must  prevent  appreciable  settlo- 
ment  of  t  he  raised  area  of  pavement  after  the  pumping 
operation. 

The  mixture  must  be  sufficiently  plastic  to  permit  its 
being  forced  readily  through  the  pump  and  the  hose 
connecting  t he  pump  with  the  opening  in  l he  pavement . 

Such  a  state  of  fluidity  may  I btained  with  n  variety 

of  mixtures  ranging  from  the  smoothesl  cohesive  pastes 
to  those  which  have  an  appreciable  degree  of  harshness. 
All  of  the  mixtures  which  are  fluid  enough  to  perform 
satisfactorily  in  the  pump,  however,  may  not  be  capable 
of  spreading  to  the  desired  extent  over  the  subgrade. 
This  is  because  the  conditions  controlling  the  spread  of 
the  mixture  over  the  subgrade  differ  soinewhal  from 
those  controlling  the  flow  of  the  mixture  through  the 
pump  and  hose. 

In  passing  through  the  pump  and  hose  the  mixture 
is  confined  to  ;i  definite  channel  of  comparatively  large 
size  and  only  the  proper  combination  of  pump  pressure 
and  fluidity  of  mixture  are  required.  When  the  paste 
reaches  the  subgrade,  however,  its  How  i-  not  restricted 
to  any  particular  cross  section.  It  is  free  to  form  in 
layers  whose  ratio-  of  thickness  to  area  of  distribution 
depend  to  a   very   considerable  extent  on  the  frictional 
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resistance  of  the  subgrade  and  the  under  face  of  the 
road  slab  which  bound  the  shallow  openings  penetrated 
by  the  paste. 

The  smaller  this  ratio,  the  more  uniform  is  the  slab 
support  both  during  and  subsequent  to  the  pumping 
operation.  As  the  ratio  increases  there  is  an  increasing 
tendency  of  mixtures  to  accumulate  under  certain  slab 
areas,  especially  at  the  location  where  the  paste  is  forced 
through  the  pavement. 

The  frictional  resistance  depends  not  only  on  the 
characteristics  of  the  subgrade  and  the  under  side  of 
the  road  slab  but  also  upon  the  harshness  of  the  paste. 

The  more  cohesive  mixtures  spread  most  readily  in  a 
thin  layer  over  a  large  area.  With  increasing  harshness 
of  mixtures  there  is  an  increasing  tendency  for  the  paste 
to  form  in  accumulations  leaving  unsupported  areas 
which  are  productive  of  cracking. 

Harshness  of  mixture  affects  the  frictional  resistance 
of  pump  and  hose  but  within  the  range  of  mixtures 
having  the  desired  fluidity,  the  difference  in  harshness 
has  but  little  practical  significance,  insofar  as  the 
pumping  operation  is  concerned.  Mixtures  not  suffi- 
ciently fluid  are  objectionable  primarily  because  of 
their  tendency  to  jam  in  the  pump  but  they  may  also 
contribute  to  unsatisfactory  distribution  undei  the 
slab.  Harsh  mixtures  are  objectionable  primarily  be- 
cause of  their  tendency  to  accumulate  under  limited 
slab  areas  and  it  is  possible  for  them  to  be  harsh  enough 
to  jam  in  the  pump.  Mixtures  having  harslmess 
sufficient  to  jam  in  the  jack  are  easily  recognized  and 
should  be  discarded.  Experience  indicates  that  a 
mixture  considered  by  an  experienced  operator  to  be 
sufficiently  fluid  for  use  in  a  pump  will  spread  satis- 
factorily over  the  subgrade. 

Raised  areas  of  pavement  may  settle  after  the 
pumping  ceases  as  a  result  of  several  causes.  The 
weight  of  the  pavement  may  cause  the  viscous  paste  to 
flow  out  as  soon  as  the  pump  stops  or  the  paste  may 
shrink  on  loss  of  moisture.  The  paste  or  soil  mixture 
must  be  stable  enough  to  support  the  pavement  and 
loads  produced  by  traffic  immediately  after  pumping 
ceases  and  must  resist  shrinking  upon  loss  of  moisture. 

The  essential  qualifications  of  a  mixture  for  use  in 
mud  jacking  can  be  stated  as  follows: 

1.  The  paste  should  be  fluid  enough  to  be  readily 
pumped. 

2.  It  should  be  free  enough  from  harslmess  to  spread 
to  the  desired  extent  over  the  subgrade. 

3.  The  paste,  even  in  the  high  state  of  fluidity 
required  for  satisfactory  performance  in  the  pump, 
must  not  be  subject  to  detrimental  shrinkage  upon  loss 
of  moisture. 

4.  The  paste,  after  being  properly  placed,  must 
change  rapidly  from  a  highly  fluid,  smooth-flowing 
state  to  one  which  is  stable  enough  to  resist  lateral  flow 
under  considerable  pressure. 

CHARACTERISTICS  OF  SUITABLE  MATERIALS  STATED 

The  fluid  paste-forming  properties  of  a  mixture  are 
furnished  by  the  finer  soil  particles  which  comprise 
the  silt  and  the  clay  fractions.  Sand  increases  the 
stability  of  the  mixture  and  reduces  the  shrinkage 
upon  drying.  The  harslmess  of  the  mix  is  furnished 
by  the  sand  fraction.  Generally,  the  larger  the  sand 
particles  or  the  higher  the  sand  content,  the  harsher 
will  be  the  soil  paste. 

A  sufficient  amount  of  sand  to  furnish  all  of  the  sta- 
bility required  at  the  conclusion  of  the  pumping  would 


introduce  harshness  so  great  that  the  mixture  could  not 
be  forced  through  the  pump.  It  is  not  possible  to  use 
enough  sand  to  eliminate  all  detrimental  shrinkage. 

A  rapid  increase  in  stability  and  elimination  of  detri- 
mental shrinkage  must  be  obtained  with  an  admixture 
capable  of  permanently  stabilizing  the  mixture  to  the 
desired  extent.  Portland  cement,  when  added  in  suf- 
ficient amount,  serves  well  for  this  purpose. 

Studies  of  topsoil  roads  indicate  that  the  presence  of 
coarse  sand  particles  (those  retained  on  the  no.  60 
sieve)  contributes  to  the  hardness  of  a  soil  surface  and 
increases  its  resistance  to  abrasion.  When  abrasive 
action  is  absent,  fine  sand  particles  (those  passing  the 
no.  60  sieve)  may  be  just  as  efficient  as  coarse  sand  in 
stabilizing  the  soil  structure.  The  harshness  caused 
by  fine  sand  is  materially  less  than  that  caused  by 
coarse  sand.  Therefore,  fine  sand  seems  better  than 
the  coarse  sand  for  use  in  mud  jack  operations. 

A  suitable  soil  must  be  of  such  character  that  it  will 
slake  readily  in  water  to  form  a  mixture  of  uniform 
consistency.  It  must  be  free  from  glue-like  colloids 
which  do  not  soften  readily  when  mixed  with  water 
and  are  productive  of  objectionable  packing  of  the 
mixture  in  the  mud  pump. 

Soil  for  use  in  mud  jacking  should  consist  of  fine 
sand,  silt,  and  clay  in  such  proportions  that  the  paste 
formed  from  the  silt  and  clay  will  completely  encom- 
pass all  of  the  sand  particles  so  as  to  eliminate  detri- 
mental harshness  of  the  mixture.  The  silt  and  clay 
fraction  should  be  free  of  gluey  colloids  productive  of 
high-water  capacity,  high  plasticity,  and  excessive 
shrinkage  and,  in  addition,  should  be  of  the  inactive 
character  required  to  form  a  paste  of  the  desired  con- 
sistency and  smoothness  with  minimum  additions  of 
water. 

Generally,  the  greater  the  shrinkage  properties  of 
the  soil,  the  larger  will  be  the  cement  admixture  re- 
quired to  prevent  excessive  shrinking.  Admixture  of 
cement  sufficient  to  accomplish  this  purpose  is  con- 
sidered sufficient  to  prevent  detrimental  flow  of  the 
paste  after  placing. 

TESTS  SHOULD  BE  SELECTED  WHICH  WILL  DISCLOSE  DESIRED 
CHARACTERISTICS 

The  tests  selected  for  studying  the  properties  of 
the  mixtures  under  discussion  should  furnish  informa- 
tion on  the  following: 

(a)  The  grading  of  the  materials. 

(b)  The  shrinkage  properties  of  the  mixture. 

(c)  The  character  of  the  fine  fraction  of  the  soil. 

(d)  The  fluidity  of  the  mixture. 
(<■)   The  harslmess  of  the  mixture. 

The  mechanical  analysis,  the  shrinkage  limit,  the 
liquid  limit,  and  the  preparation  of  flow  curves  of  soils, 
are  suggested  as  complying  with  these  requirements. 

Complete  information  on  mechanical  analysis,  the 
shrinkage  limit,  the  liquid  limit,  and  flow  curves 
has  been  given  in  previous  reports.2  Therefore,  the 
tests  are  referred  to  but  briefly  in  this  report.  The 
essential  features  of  the  mechanical  analysis  are  well 
understood  and  require  no  discussion.  Results  of 
mechanical  analyses  are  shown  graphically  in  figure  2. 

The  shrinkag"e  limit  is  defined  as  the  moisture 
content  at  which  further  evaporation  does  not  produce 
further  decrease  in  the  volume  of  the  soil.  As  water 
evaporates  from  a  soil  mixture,  capillary  tension 
acting  like  a  taut  skin  on  the  surface  of  the  soil  mass 


2  Reports  on  subgrade  soil  studies,  reprinted  from  Public  Roads  vol  12.  DOS    V, 
5,  7,  and  8,  and  Research  on  the  Atterberg  Limit  of  Soils,  Public  Roads,  vol.  13,  no  Bj 
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Figure  2. — Hi  51  1  rs  of  Mechanical  Analysis  of  Soil  Samples 
Showing  Cumulative  Percentages  by  Weight. 

gradually  draws  the  soil  particles  closer  together 
until  the  shrinkage  limit  is  reached.  At  this  moisture 
content  the  resistance  of  the  soil  to  further  compression 
justequals  the  force  excited  by  the  evaporating  moisture. 
Below  the  shrinkage  limit  the  resistance  to  compression 
exceeds  the  compressing  force.  Therefore,  further 
evaporation  below  the  shrinkage  limit  is  not  productive 
of  further  decrease  in  the  volume  of  the  soil  mass. 
Soil  mixtures  used  in  mud  jacking  are  not  apt  to  shrink 
appreciably  when  their  shrinkage  limits  are  equal  to 
or  exceed  the  moisture  content  required  to  give  the 
mixture  the  desired  fluidity. 

The  liquid  limit  is  the  moisture  content  at  which  a 
groove  (see  fig.  3)  separating  two  parts  of  a  divided 
soil  cake  is  just  closed  by  a  given  number  of  shocks. 
This  test  is  indicative  of  a  particular  degree  of  stability 
or  consistency  of  the  soil.  In  the  routine  or  hand 
method  of  test,  water  or  soil  powder  as  required  is 
added  to  the  soil  sample  until  the  desired  consistency, 
that  requiring  10  shocks  (o  close  the  soil  groove,  is 
obtained. 

In  the  mechanical  method  (see  fig.  4),  the  number  of 
shocks  required  to  close  the  groove  with  the  soil  at 
several  consistencies  are  determined  and  plotted 
against  the  corresponding  moisture  contents  to  form 
"flow"  curves.  The  liquid  limit  as  determined  by  the 
hand  method  is  the  same  as  the  moisture  content  corre- 
sponding to  25  shocks  in  the  mechanical  method. 
The  number  of  shocks  required  to  close  the  soil  groove 
is  a  measure  of  the  stability  of  the  mixture  and  the 
flow  cui'ves,  which  are  straight  lines  on  semilog  plots, 
disclose  the  relation  between  the  moisture  content  and 
the  degree  of  fluidity  or  flowability  of  the  mixtures 
(see  fig.  5). 

It  follows  from  this  that  the  number  of  shocks  or 
fraction  of  a  shock  corresponding  to  a  particular  mois- 
ture content  on  the  flow  curve  extended  becomes  a 
quantitative  measure  of  the  consistency  of  the  mixture 
at  this  moisture  content.  Therefore,  all  soils,  at  the 
moisture  content  corresponding  to  a  given  number  of 
blows  (including  fractions  of  a  blow)  on  the  flow  curves, 
should  have  the  same  degree  of  fluidity.  ( lonsequently, 
the  number  of  blows  indicative  of  the  fluidity  of  mix- 
tures required  for  mud-jack  purposes  as  determined 
by  tests  on  a  comparatively  few  soils  may  serve  as  an 
index  with  which  the  required  water  content  of  soils 
generally  may  be  determined. 

The  ratio  of  the  liquid  limit  to  the  clay  content  dis- 
closes the  relative  activity  of  the  day  fraction.  Liquid 
limits  approximately  equal  to  the  clay  content  indicate 
the  presence  of  inactive  fine  particles  capable  of  form- 
ing pastes  with  additions  of  relatively  small  amounts 
of  water.     The  more  the  Liquid  limit  exceeds  the  clay 
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SOILCAKE  AFTER  TEST 

]'n. cue  3. — Upper — Divided  Soil  Cake  Before  Receiving  10 
Light  Blows  at  Location  Indicated  by  Arrow.      Lower 
Lateral  Flow  (Shear  Failure)  of  Cake  During  Test. 


Figure    4. 


-Mechanical    Device    for    Making    the    Liquid 
Limit  Test. 


content   the   more   the    presence  of  undesirable   glue) 
colloids  is  indicated. 

The  ratio  of  the  shrinkage  limit  to  the  liquid  limit 
indicates  the  shrinkage  properties  of  the  soil.  The 
smaller  the  shrinkage  limit  as  compared  with  the 
liquid  limit  the  greater  will  be  the  tendency  for  the 
soil  to  shrink  and  consequently  the  greater  will  be  the 
amount  of  cement  required  to  prevent  the  shrinkage 
from  becoming  objectionable. 

LABORATORY   PROCEDURE  ILLUSTRATED 

Table  1  gives  the  results  of  laboratory  tests  of  four 
-oils  which  have  been  used  in  mud-jack  operations  with 
various  results.  Sample  no.  S-6361  is  a  Virginia  soil 
used  in  mud  jacking  on  the  Mount  Vernon  Memorial 
Highway.  This  soil  was  selected  by  an  experienced 
operator  because  of  its  ability  to  form  a  paste  of  the 
desired  consistency  and  smoothness.     The  other  three 
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Table  1. — Results  of  laboratory  tests  on  soils  used  in  mud  jacking 


Mechanical  analysis,  percentage  by  weighl 

Liquid 

limit 

Sample  no. 

Passing 
no   tn 
sieve 

( 'oarse 

sand— 

2  to 

0  '.'". mm 

1  ine 
sand 
0.25  to 
0.05  mm 

Sill    - 

0.05  to 

0.005  mm 

Clay 
smaller 

than 
0.005mm 

Shrink- 
age 

limit 

8-6361 

99 

MS 

99 

99 

5 
9 

3 

5 

27 

To 

03 

13 
35 
29 
24 

2.ri 
.".1 
58 

s 

26 
33 

72 
16 

21 

S-7100 

15 

-  7462 

ii 

S-7463 

0) 

p  .i  did  not  shrink  m  tesl 


Figi  re  5.      Flow  Curves  of  Soils  Tested  for  Suitability 
for  Mud  Jacking. 

samples  represent  Texas  soils,  the  performance  of  which 
is  reported  to  have  been  as  follows: 

That  represented  by  sample  no.  S-7100  formed  a 
mixture  which  worked  well  in  the  pump.  Sample  no. 
S-7462  has  a  high  clay  content  and  this  soil  could  not 
he  formed  into  a  smooth  paste  and  jammed  in  the 
pump.  Sample  no.  S-7463  lias  a  high  sand  content 
and  formed  a  mixture  so  harsh  that  it  "packed"  both 
in  the  pump  and  under  the  pavement. 

The  absence  of  coarse  sand  in  an  appreciable  amount 
is  the  only  conspicuous  feature  common  to  all  four 
of  the  soils.  Samples  no.  S-6361  and  no.  S-7100  have 
somewhat  similar  gradings  and  their  flow  curves  (fig.  4) 
are  approximately  parallel.  Sample  no  S-7463  was  so 
harsh  that  the  mechanical  device  for  liquid  limit  deter- 
mination could  not  be  used.  A  liquid  limit  of  l(i  was 
determined  by  the  hand  method.  The  presence  of 
gluey  colloids  in  sample  no.  S-7402  made  it  difficult  to 
obtain  uniform  mixtures  of  water  with  this  soil  even 
in  the  laboratory  which  made  it  necessary  to  determine 
i  he  liquid  limit  of  this  soil  by  the  hand  method. 

The  soil  represented  by  sample  no.  S-6361  seems  par- 
ticularly  well  suited  for  mud  picking  and  its  essential 
characteristics  may  serve  as  a  guide  in  studies  of  soils 
for  this  purpose.  This  soil  is  representative  of  well 
graded  and  thoroughly  weathered  topsoils  with  little  or 
no  material  retained  on  the  no.  40  sieve.  It  is  stable 
in  road  surfaces  in  both  wet  and  dry  weather  hut  erodes 
badly  in  cut  or  lill  faces.  1  he  line  sand  (27  percent  I 
furnishes  stability  without  producing  harshness  of  mix. 
The  clay  (25  percent),  is  relatively  inactive.  This  is 
disclosed  by  the  low  liquid  limit  of  26  as  compared  with 


a  typical  liquid  limit  of  about  36  for  average  soils  con- 
taining 25  percent  of  clay.  The  property  which  causes 
this  low  liquid  limit  is  responsible  lor  the  erosion  re- 
ferred to  above  and  also  for  relatively  low  shrinkage 
properties.  The  grading  of  this  soil  is  uniform  and  the 
mechanical  analysis,  when  plotted  as  shown  in  figure  2, 
approximates  a  straight  line.  (The  equation  of  this 
line  is  P  =  38  (logrf  +  3)  in  which  /'  equals  the  percentage 
of  particles  smaller  than  the  particle  size  </. ) 

Its  liquid  limit  is  practically  equal  to  the  clay  content 
and  its  shrinkage  limit  is  about  Si  percent  of  the  liquid 
limit.  This  latter  value  is  significant  because,  on  the 
average,  shrinkage  limits  equal  to  or  greater  than  about 
75  percent  of  the  liquid  limits  are  indicative  of  inactive 
soils  in  which  shrinkage  is  not  important.  The  shrink- 
age limit  is  somewhat  smaller  than  the  liquid  limit, 
indicating  the  presence  of  cohesive  paste-forming  par- 
ticles. At  present  it  is  not  known  whether  the  slope 
of  the  How  curves,  figure  •">,  has  any  special  significance. 

The  moisture  content  required  to  furnish  the  neces- 
sary fluidity  of  this  soil,  as  determined  by  trial  in  the 
mud-jack  operations,  was  found  to  be  about  40  percent 
without  cement  admixture  and  about  42  percent  with 
the  cement  admixture.  Figure  5  shows  that  these 
moisture  contents  furnish  a  consistency  corresponding 
to  0.1  blow  on  the  How  curve  extended. 

The  ell'ect  of  cement  admixtures  in  raising  the  shrink- 
age limit  is  shown  in  table  2.  In  these  determinations, 
the  soil  and  cement  were  mixed  with  42  percent  of 
water,  molded  into  pats,  and  then  .allowed  to  dry  to 
constant  weight.  No  shrinkage  of  the  pat  occurred 
when  the  addition  of  cement  became  equal  to  7  percent 
of  the  weight  of  the  soil.  Therefore  it  is  safe  to  assume 
that  the  mixture  in  service  will  not  shrink  when  con- 
taining cement  in  this  amount. 

Table  2. — Effect  of  cement  admixtures  upon  tin  shrinkagelim.it  of 

tin:  soil  represented  by  sample  tt<>.  S-I1S61 


Cement 
admix- 
ture, per- 
cent l>\ 
w  eighl 

Shrinkage 
limit 

1 

3 

29 
31 
38 

(') 

Pal  did  nol  shrink  in  lest. 

Upon  this  basis,  the  suggested  mixture  would  contain 
about  100  pounds  of  dry  soil,  7  pounds  of  portland 
cement,  and  45  pounds  or  about  51..  gallons  of  water. 

Sample  no.  S-7100  with  a  shrinkage  limit  of  15  and  a 
required  moisture  content  of  about  48  percent  (value 
corresponding  to  0.1  in  fig.  4)  will  shrink  more  than 
soil  no.  S-6361  with  a  shrinkage  limit  of  21  and  a 
moisture  content  of  mixture  of  about  42  percent.  More 
cement  would  have  to  be  added  to  S-7100  than  to 
S-6361  to  entirely  eliminate  the  possibility  of  shrinkage. 
Since  soils  S-7403  and  S-7462  could  not  be  formed  into 
pastes  sufficiently  fluid  to  be  tested  in  the  liquid  limit 
device  it  is  quite  evident  that  they  are  not  suitable  for 
mud  jack  operations.  In  addition  the  low  shrinkage 
limit  of  9  for  soil  S-7462  indicates  the  presence  of 
objectionable  colloids  in  dominating  amounts.  The 
absence  of  shrinkage  in  the  test  of  soil  S-7463  suggests 
the  absence  of  the  cohesive  paste-forming  fine  soil 
particles 

i  Continued  on  page  194 1 


Analytical  Tools  for  Judging  Results  of  Structural  Tests 

of  Concrete  Pavements 


By  H.  M.  WESTERGAARD,  Professor  of  Theoretical  and  Applied  Mechani 

IN  FORMATION  concerning  stresses  in  pavements  is 
needed  for  the  purpose  of  establishing  policies  of 
design,  for  the  purpose  of  imposing  proper  limits  on 
the  loads  thai  may  be  transported,  and  for  the  purpose 
of  apportioning  the  cost  of  pavements  to  the  different 
kinds  of  traffic,  with  a  view  toward  rational  taxation  of 
vehicles  of  various  weights.  The  last  reason  has  been 
a  particular  incentive  in  conducting  structural  studies 
of  pavements  during  recent  years. 

Knowledge  of  the  structural  behavior  of  concrete 
pavements  depends  on  tests  and  theory.  Results  of  a 
theory  were  reported  in  a  paper  in  1926. 1  This 
theory,  in  the  main,  was  supported  by  the  experimental 
data  available  at  the  time.  It  supplies  answers  to  the 
question,  what  deflections  and  stresses  may  be  expected 
when  the  subgrade  is  within  a  range  of  normal  condi- 
tions, without  unusual  heaving  and  irregularity.  This 
theory  was  used  by  the  Bureau  of  Public  Roads  in 
planning  a  series  of  tests  of  pavement  slabs.  The  tests 
were  carried  out  by  the  Bureau  of  Public  Roads  at 
Arlington,  Va.,  in  1932.  The  theory,  having  served  in 
planning  the  test>,  will  naturally  also  furnish  tools  for 
examining  the  results  of  the  tests.  The  te^ls  suggest 
certain  adaptations  of  the  theory.  There  will  be  needed 
some  restatements  of  analytical  results,  and  some 
supplementing  and  modification  of  the  theory. 


,  University  of  Illinois.  Urbana,  111. 
FORMULAS  FOR  THE  STRESSES 


MEASURES  OF  STIFFNESS  IN  THE  ORIGINAL  THEORY 

In  the  formulas  used  to  demonstrate  the  original 
theory,  as  presented  in  1926,  various  quantities  appear 
as  measures  of  stiffness,  which  are  assumed  to  be  con- 
stant in  each  particular  case.  The  modulus  of  elas- 
ticity, E,  and  Poisson's  ratio,  ix,  of  the  concrete  were 
introduced  as  constants.  Furthermore,  the  resistance 
of  the  subgrade  was  expressed  by  a  quantity,  /,-,  which  is 
called  the  modulus  of  subgrade  reaction.  This  modulus 
is  defined  as  the  reaction  per  unit  of  area  per  unit  of 
deflection,  and  it  may  be  measured  in  pounds  per  square 
inch  per  inch;  or,  pounds  per  cubic  inch.  It  was  ad- 
mitted that  this  modulus  could  not  be  expected  to  be  an 
actual  constant  of  the  material,  expressing  properties  of 
the  subgrade  independently  of  the  slab.  But  it  was 
found  that  a  rather  wide  variation  of  k  led  to  relatively 
small  variations  of  the  stresses,  and  consequently  the 
modulus  k  was  introduced  as  a  quantity  which  might  be 
assumed  to  be  constant  for  a  given  combination  of 
slab,  subgrade,  and  position  of  the  load. 

From  /'.',  )j,  /,-,  and  the  thickness  of  the  slab,  A,  a  fur- 
ther quantity  was  obtained,  a  distance  /,  which  i<  called 
the  radius  of  relative  stiffness.  This  distance  appears 
in  a  number  of  the  formulas  and  is  defined  by  the 
equation, 


In  the  previous  paper  approximate  formula-  I'm 
si  resses  in  the  interior  of  I  he  area  and  at  the  edge  (equa- 
tions 11  and  12)  were  stated  for  the  special  case  in 
which  E  3,000,000  pounds  per  square  inch  and 
H  0.15.  To  make  the  theory  usable  in  interpreting 
results  of  new"  tests,  it  is  desirable  to  restate  these  for- 
mulas, so  that  (hey  may  be  used  for  any  values  of  E 
and  fi.  A  third  approximate  formula,  for  the  stress  at 
a  corner  (equation  7),  was  slated  for  any  values  of 
E  and  fi. 

The  following  notation  is  used: 
P      load. 

a  =  ( 1  I  radius  of  a  small  circle  over  the  area  of  which 
/'  is  assumed  to  be  distributed  uniformly  when 
the  load  is  at  a  considerable  distance  from  the 
edges;  (2)  radius  of  a  small  semicircle  over  the 
area  of  which  P  is  assumed  to  be  distributed 
uniformly  when  the  load  is  at  the  edge,  the 
center  of  the  semicircle  being  at  the  edge;  (3) 
distance  of  the  point  of  application  of  the  re- 
sultant of  the  load  from  each  of  the  two  edges 
at  a  rectangular  corner  when  I'  is  close  to  this 
corner    (the    distance    from    the    corner    being 

">="A2k 
<Ti  =  maximum  tensile  stress  at  the  bottom  ol  the  slab 
directly  under  the  load  /\  when  /'  is  at  a  con- 
siderable distance  from  the  edges. 
c7,  =  maximum  tensile  stress  at  the  bottom  of  t  he  slab 

at  the  edge  due  to  a  load  at  the  edge. 
a,  =  maximum  tensile  stress  at   the  top  of  the  slab  in 
a  diagonal  direction  due  to  a  load  at  a  corner. 
//      radius  depending  on  a  and  h . 

The  radius  h  may  be  computed  by  the  following 
approximate  formulas  (equation  8  in  the  previous 
paper): 

b=  A  l.H.r-i  Ir     0.675/V  when  a     1.72-1//  (2) 

b  =  a  when  a      1 .72  1  h  -    (3) 


;t  resses  becomes: 
he  area,  at   the  bottom: 
P,         I  Eh 


The  set  of  formulas  for 
Stress  in  the  interior  of 

a,      0.275(1   ■  M)plog,o(  W   )  1 

Stress  at  the  edge,  at  the  bottom: 

PV         i  I'll   \  "1 

a,     0.529(1      0.54m)  £-,1 log10(  ggi  )     0.71  J 
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• 
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Wiih  A.  3,000,000  pounds  per  square  inch  and 
H  0.15  equations  1  and  5  give  the  same  results  as 
equations  11  and  12  in  the  previous  paper.  Equation 
li  is  a  transcription  of  equation  7  in  the  previous  paper. 

is;, 
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NEW  COEFFICIENTS  PROPOSED 

It  is  proposed  to  introduce  a  new  coefficient,  A,  de- 
fined bv  the  relation 

R  =  kl (7) 

The  coefficient  A,  like  k,  will  be  a  measure  of  the  resist- 
ance of  the  subgrade.  The  reason  for  the  proposal  is 
t lie  expectation  that  A  will  be  less  dependent  on  the 
stiffness  of  the  slab  than  is  k.  If  the  depressions  of 
circular  bearing  blocks  under  a  moderate  load  are 
inversely  proportional  to  the  diameter,  then  the  prod- 
uct of  the  corresponding  k  and  the  diameter  would  be 
constant.  Correspondingly,  in  case  of  the  slab,  it  is  at 
least  a  possibility  that  the  product  of  the  most  plausible 
value  of  k  times  the  linear  dimension  /  will  be  fairly 
constant  for  a  given  condition  of  the  subgrade.  It 
appears  desirable,  therefore,  to  supplement  the  for- 
mulas in  terms  of  k  by  a  set  of  equivalent  formulas  in 
terms  of  A.  The  truth  may  lie  between  the  two 
extreme  cases  of  a  constant  k  and  a  constant  A'. 

It  is  suggested  that  A'  be  called  the  coefficient  of  sub- 
grade  stiffness.  It  is  noted  that  A  may  be  measured 
in  pounds  per  square  inch.  For  example,  k  =  50 
lb.  in."3  and  (  =  30  in.  give  K=  1,500  lb.  in.-2 

The  following  relations  are  derived  from  equations 
1  and  7: 

Eh3 

l3=m^7jK w 

A  =  — ^— 

^=^^-  (10) 

ka     12(1 -/x2)----  —  -{W) 

It  is  proposed  furthermore,  to  introduce  a  coefficient 
D,  defined  as 

D  =  kl2 (11) 

or 

D  =  Kl (12) 

and  to  call  this  coefficient  the  deflection  modulus  of  the 
pavement.  The  reason  for  this  proposal  is  the  con- 
sistent occurrence  of  the  quantity  kl2  in  the  formulas 
for  the  deflections.  In  equations  and  diagrams  in  the 
previous  paper  the  deflections  arc  stated  in  the  general 
form: 

Z  =  CB l:: 

where  c  is  a  pure  number  in  each  case.  For  example, 
when  P  is  applied  at  the  interior  of  the  area  of  the 
slab,  and  the  deflection  z  is  measured  directly  under 
the   load,    equation    14    in    the    previous    paper   gives 

o.     In  this  case,  if  the  pavement  is  considered  as 

a  spring,  8kl2  is  the  modulus  of  the  spring.  'With 
D  introduced,  the  deflections  will  be  restated  as 

Z   =   C     Jy (14) 

The  following  further  relations  involving  D  are 
derived  from  the  preceding  equations: 

/    Eh?k         i/  Eh?K> 

u  Vi2(i-M2rVi2u-M2r     -(5) 


k> 

A 
E= 


12(1  -/r)/V 


Eh? 


\        Eh3 


)Di 


12(1 


h? 


(16) 

.(17) 
•(18) 


RESTATEMENT  OF  THE  FORMULAS  FOR  THE    STRESSES  IN  TERMS 
OF  THE  NEW  COEFFICIENT  OF  SUBGRADE  STIFFNESS 

Since  1  —  m  2  does  not  vary  a  great  deal,  this  quantity 
may  be  computed  as  if  /j.  were  constant,  equal  to 
0.15,  which  gives  1  —  n  2  =  0.9775.  Then  equations  4 I 
and  5  may  be  restated  as  follows  by  use  of  equation 
10: 

Stress  in  the  interior  of  the  area,  at  the  bottom: 

cr<=l.l(l  +  M)p[log1o(|)  +  ^log1o(^)-0.089].(19) 

Stress  at  the  edge,  at  the  bottom: 

2.1 17(1 +  0.54M)£[log10(7£) 


+  -logI0 


(|)-0.  2066] (20) 


The  stress  at  the  corner,  at  the  top  becomes,  by 
restatement  of  equation  6, 

3PT       /12(l-/x2)AA°-       _.n."| 

=-F|_i-(r  -Eh^-)  i^r\-    -(-1) 

DERIVATION  OF  THE  CONSTANTS  FROM   TESTS 

Six  quantities  assumed  constant  under  given  condi- 
tions occur  in  the  equations  which  have  been  stated: 
E,  n,  k,  A,  D,  and  /.  Since  a  variation  of  Poisson's 
ratio,  n,  has  only  a  relatively  small  influence,  it  is  suffi- 
cient to  know  an  approximate  value  of  fj..  There 
remain  then  the  five  quantities  E,  k,  K,  D,  and  /.  If 
two  of  them  can  be  determined  to  begin  with  by  a  direct 
examination  of  experimental  data,  then  equations  will 
be  available  by  which  the  remaining  three  may  be 
computed.  Table  1  shows  what  equations  are  to  be 
used. 

Table  1. — Key  to  the  computations  of  J  of  t lie  constants  E,  k,  K,  D, 
mill  I  from  tin-  remaining  '.' 


Known  beforehand 

Computation  by  equations 

E  and  /; 

K\>\  iiii),  D  by  (15),  (by  (1). 

Band  A" 

/.  I.\  i  Id),  1)  l.\  (15),  (by  (8). 

A'and  />               ...    

Sand  / 

Z>and  / 

/.  by  (16),  A"  by  (17),  /by  (18)  or  (11)  or  (12). 
k  by  (1).  K  bv  (9),  D  bv  (18)  or  (11)  or  (12). 
Eby  (18),  *  by  (11),  K by  (12). 

The  modulus  of  elasticity,  E,  may  be  obtained  with  a 
reasonable  degree  of  certainty  from  tests  of  cylinders 
and  control  beams.  The  deflection  modulus,  D,  may 
be  obtained  from  observed  maximum  deflections  by 
equation  (14),  with  the  values  of  c  as  given  in  the  pre- 
vious paper.  The  radius  of  relative  stiffness,  I,  appears 
as  a  unit  of  the  horizontal  scales  in  the  diagrams  of 
deflections  in  the  previous  paper,  and  may  be  obtained, 
therefore,   by   comparing   the   diagrams  of  deflections 
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observed  :it  n  scries  of  points  with  the  diagrams  of 
deflections  in  the  previous  paper.  By  fitting  both  the 
horizontal  and  the  vertical  scales  of  a  theoretical  dia- 
gram of  deflections  of  a  series  of  points  to  the  corre- 
sponding diagram  of  observed  deflections,  so  as  to  make 
the  two  curves  coincide  as  Dearly  as  possible,  1)  and  / 
may  be  determined  together. 

When  strains  have  been  measured,  and  /-.'and  n  are 
known  approximately,  the  corresponding  stresses  may 
be  computed  from  the  strains.  It  would  seem  possible 
thereafter  to  compute  k  or  K  from  equations  4  to  6  or 
19  to  21.  Inspection  of  these  equation-  shows,  how- 
ever, that  values  of  k  and  A' determined  in  this  way  will 
be  very  sensitive  to  small  variations  of  the  stresses. 
It  appears  preferable,  therefore,  to  assign  various 
definite  values  to  k  or  K  and  thereafter  compare  the 
experimental  and  analytical  results. 

In  dealing  with  the  stresses  it  is  to  be  remembered 
that  <ii  and  ae  are  tensile  stresses  at  the  bottom  of  the 
-lab.  With  small  values  of  the  radius,  a,  the  compres- 
sive stresses  at  the  top  must  be  expected  to  show  a 
somewhat  greater  concentration  and  therefore  greater 
maximum  values  than  would  be  found  lor  the  corre- 
sponding tensile  stresses  at  the  bottom. 

SUPPLEMENTARY    THEORY    BASED    ON    REDISTRIBl   I  ION    OF    THE 
SUBGRADE  REACTIONS 

This  supplementary  theory  is  limited  to  tin1  case  of  a 
load  applied  in  the  interior  of  the  area  of  the  slab.  In 
the  original  theory  the  reaction  of  the  subgrade  per  unit 
of  area  at  each  point  was  assumed  to  be  proportional  to 
the  deflection  of  the  slab  at  that  point.  If  the  subgrade 
acts  as  a  continuous  body,  it  is  to  be  expected  that  the 
reactions  of  the  subgrade  will  be  more  closely  concen- 
trated around  the  load  than  are  the  deflections. 
Accordingly  a  set  of  corrections  of  the  deflections  will 
be  introduced  which  may  account  for  a  redistribution 
of  the  reactions  with  an  increase  of  the  reactions  near 
the  load  and  a  decrease  of  the  reactions  at  greater 
distances  from  the  load. 

The  following  notation  is  used: 

r  =  radial  distance  measured  horizontally  from 
the  point  of  application  of  the   resultant 
of  the  load  P. 
i  =  maximum  value  of  /•  within  which  adjust- 
ments are  made. 
2  =  deflection  according  to  the  original  theory. 
.;'  =  superimposed  supplementary  deflection. 
z  +  z'  =  resultant  deflection. 
z't,  .:.''      values  of  ;•'  and  i"  at  the  point  r     0. 

A"2  =  reaction  per  unit  of  area  according  to  the1 
original  1  heory. 
7     supplementary    reaction    per   unit    of   area, 
accounting  for  the  deflection  :'. 
h  g  =  resultant  reaction  per  unit  of  area. 
(j,  =  value  of  <i  at  /      0. 
e',      strain  at  the  bottom  of  the  slab  at  /■      0  due 

to  the  deflection  z' . 
o'i  =  supplementary  stress  at  the  bottom  of  the 
slab  ;it  r  0,  corresponding  to  the  deflec- 
tions :'. 
o-"t=o-{  +  <r'j  =  resultant  stress  at  the  bottom  of 
the  slab  at  r  =  Q,  at  being  defined  by 
equation  4  or  equation  10. 

z'  ■ 
Z= =ratio  ol  reduction  of   the  maximum 

Zi 

deflection. 


The  following  formulas  arc  proposed  for  the  supple- 
mentary deflections: 

:',(l      |,)'  when/       /.  (22) 

0  when  r\   L..  23) 

[nstead    of   the   power    1(1   sonic   other   power   might    be 

used,  but  the  power  10  appears  to  be  suitable.  A  plaus- 
ible value  of  /.  may  be  5/. 

The  deflections  .:'  are  caused  by  t  he  reactions  7.  \\  Inch 
may  be  interpreted  as  Loads  taken  positive  upward. 

According  to  the  theory  of  slabs  '  the  upward  load  per 
units  of  area,  that  is,  the  reaction,  may  be  stated  as]  i  ' 

in  which  A  is  the  operator  2+5T~2'  •'  illl<'  V  being  rec- 
tangular coordinates.  In  the  present  case  it  is  prefer- 
able to  use  the  equivalent  expression  for  A  in  terms  of 
the  radius  vector  /',  namely,1 

^tA% -- ™ 

Equations  22,  24,  and  25  give 

2  =  2«(l-  lS^  +  4o^)(l-£)'_  26 

in  which  </,,  the  value  directly  under  the  load,  is 

240  Eh?z\ 

2'=-(W)/.' 

If  is  noted  that  the  integral  of  q  over  the  whole  area  is 
zero.  That  is,  the  total  vertical  force  added  to  /'  is 
zero,  and  the  reactions  are  merely  redistributed 

The  curvature  of  the  slab  in  any  direction,  at  r  0, 
due  to  the  supplementary  deflections  z' ,  becomes 

-[£L- ^ 

The  corresponding  strain  at  the  bottom  of  the  slab  is 

and  the  corresponding  stress  is 

,      U)KI<    '  ,•>,, 

By  use  of  equation  18  this  stress  i-  restated  as 
"'<■  '20"y")Pz''(£)' 

The  deflection  directly  under  the  load  according  to 
the  original  theory  is  given  by  equation  14  in  the 
previous  paper,  and  is 

/'/ 

^  w 

■  e,  for  example,  i  lie  napei .  '  'omputal  ion  01  Bridgi  I  iue  (o 

Vi  l 1  Load  .  bj   II.  \l.  We  tergaard,  Public   Road  .   vol.   11,   no.    I, 

ills  equations  10,  15,  and  16. 
>  See,  for  example,  A.  and  t.    Fdppl,  Drang  und  Zwang,  vol    I,  2d  edition,  1924, 
p.  174,  equatii  ns  85  and  86. 
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It  will  be  expedient  to  express  the  supplementary 
deflection  at  the  same  point  in  terms  of  n  ratio  of 
reduction  Z,  as 


a,    -z£ 


(33) 


Then  the  resultant   deflection  directly   under  the  load 
heroines 


Equations  31  and  33  give 

15(1  \-n)ZP/  I  v 


o  r 


35) 


The  resultant  maximum  stress  at  the  bottom  of  the 
slab  is  a"i  =  (7i+(r'i.  With  the  stress  a,  expressed  by 
equation  4  or  10  otic  finds  the  resultant  si  ress, 


a"=  0.275  (1  +m)  ^[log10(  %  )     54.54  (  [  )'Z 

in  terms  of  /',  or 

«r//i=l.Kl+M)|Tlog,o(J)  +  |logIo(f) 


(36) 


ii 


I  \2„ 


089     13.64  (/)^ 


37) 


in  terms  of  /v. 

In  interpreting  the  results  of  tests  the  new  equations 

may   be  used  as  follows:    Values  of  Z  and    .    arc  esti- 
mated (for  example,   ,      5).     The  diagram  for  z" 
:'  is  drawn  by  use  of  Figure  4  in  the  previous  paper  and 
by  use  of  equations  22  and  33.     With  Z  and    .  chosen 

within  proper  ranges  this  diagram  should  correspond  in 

shape  to  those  obtained  experimentally  for  a  series  of 
points.  A  comparison  of  the  experimental  and  theoret- 
ical diagrams  of  deflections  for  a  series  of  points  will 
lead  to  a  determination  of  I>  and  /.  Then  E  may  he 
computed  by  equation  is,  and  k  or  K  by  equation  11 
or  12,  respectively.  Finally  the  stress  at  the  bottom  of 
the  slab  may  he  computed  by  equation  36  or  37,  and 


the  computed  values  may  be  compared  with  those  ob- 
tained experimentally.     It  is  noted  that  with  a  chosen 

value  of  j  a  variation  of  Z  will  cause  different  propor- 
tional variations  of  the  computed  deflections  (equation 
34)  and  stresses  (equation  36  or  37).  After  some  adjust- 
ments of  the  estimated  values  of  Z  and  L  it  should  be 
possible  to  establish  a  fair  agreement  between  the  com- 
puted and  observed  values  of  dellections  and  stresses 
and  the  value  of  E  obtained  by  tests  of  cylinders  or 
control  beams. 

EXTREME  CASE  IN   WHICH  THE  SlIHiRADE  IS  ASSUMED  TO  ACT  AS 
A  SOLID   WITH  CONSTANT   MODULUS  OF  ELASTICITY 

The  preceding  theory  may  he  applied  in  the  study  of 
this  special  case.  The  problem  is  to  determine  L  and  Z 
so  that  the  dellections  of  the  subgrade  due  to  the  load, 
kz  +  <j,  will  agree  fairly  closely  with  the  deflections,  z" , 
of  the  slab.  Except  for  the  possibility  of  a  local  heav- 
ing of  the  subgrade  directly  under  the  load,  the  value 
of  Z  determined  in  this  way  may  be  assumed  to  be  the 
upper  limit  of  Z.  The  case  is  of  interest  for  this  reason. 
The  value  Z  =  0  may  be  assumed  to  be  a  lower  extreme, 
except  for  the  possibility  of  a  low  or  soft  spot  in  the 
subgrade  directly  under  the  load. 

An  approximate  analysis  was  made  under  the  as- 
sumption that  the  subgrade  has  a  constant  modulus 
of  elasticity  in  compression,  Es,  and  a  constant  Pois- 
son's  ratio,  ns.    This  analysis  gave  the  results. 

L  =  5/,  Z  =  0.3906,  K =  0.1 242  yi  ~2  -      -  -  (38) 

By  substituting  these  values  of  L  and  Z  in  equations  34 
and  37  one  obtains,  for  the  particular  case, 

P 
0.07617  r>--     (39) 


D 


and 


Pf,     A\    i ,      (E\ 

.1(1      %|_log10(jj     Jog,,,^)     0.302 


-(40) 
to  be 


The  maximum  reaction  per  unit  of  area  was  fount 

P  .  /'  .         . 

0.350  ji  instead  ol  0.125  ,,    as  obtained  in  the  original 

theory. 

Under  actual  conditions  it  must  be  expected  that 
()<Z<0.39.  Then  equations  34  and  37  will  apply  in- 
stead of  equations  :'>'.*  and  40. 


AN  IMPROVED  RECORDING  STRAIN  GAGE 

Reported  by  L.  W.  TELLER.  Senior  Engineer  of  Tests,  U.S.  Bureau  of  Public  Roads 


V* 


Figure   1.— Eablt  Type  of  Recording  Strain    Gagi 


SEVERAL  years  ago  there  was  developed  in  the 
Division  of  Tests  a  small  recording  strain  gage 
designed  primarily  for  the  determination  of  stresses 
in  concrete  structures.  This  gage,  which  has  been  de- 
scribed in  detail  elsewhere  '  was  about  6  inches  in  length, 
of  small  cross  section,  employed  a  single  bell-crank 
lever  giving  a  multiplication  ratio  of  about  60  to  1,  and 
recorded  on  a  smoked  glass  slide.  It  is  shown  in  fig- 
ure 1 . 

Subsequent  to  its  development,  extensive  use  was 
made  of  the  instrument  in  a  number  of  research  projects 
dealing  with  stress  conditions  in  concrete  structures. - 

Experience  with  the  gage  on  the  projects  mentioned 
demonstrated  the  value  of  a  strain  gage  of  this  size  and 
type  and  indicated  certain  defects  in  the  existing  de- 
sign, the  elimination  of  which  would  improve  both  the 
quality  of  the  data  obtained  and  the  mechanical  func- 
tioning of  the  instrument.  For  example,  the  original 
gage  was  built  with  the  gage  body  of  brass,  a  metal 
poorly  suited  to  the  purpose  because  its  high  conductive 
and  high  expansive  properties  made  the  gage  very  sen- 
sitive to  thermal  changes.  Mechanically  there  were 
difficulties  with  the  manipulation  of  the  slide  on  which 
the  record  wTas  made  and  with  the  functioning  of  the 
fulcrum  of  the  bell-crank  lever.  Fundamentally,  the 
principle  of  the  gage  appeared  to  be  satisfactory  and 
with  the  idea  of  overcoming  the  temperature  ami 
mechanical  troubles  mentioned  above  the  instrument 
was  completely  redesigned,  retaining  the  principle  of 
the  original  gage  but  introducing  new  materials  and 
new  mechanical  features  wherever  it  appeared  that 
these  would  improve  the  functioning  of  the  instrument. 


1  Pocket.  Strain  Gage  (lives  Stresses  in  Concrete  Loads  \   'I    Goldbeck,  Engineer- 
ing News-Record,  Mar.  2d.  V.m. 

■  Cf.  the  following  publications: 

1.   Impact  Tests  on  Concrete  Pavement  Slabs,  bj  Leslie  W.  Teller,  Pi  BT.IC  ROADS, 
vol.  .i,  no.  2,  April  1924. 

2  static  Load  Tests  on  Pavement  Slabs,  by  .!.  T.  Thompson    Pi  buc  Roads, 

vol.  5,  no.  9,  November  1924. 
-tress  Measurements  in  Concrete  Pavements,  bj  L.  W.  Teller,  Proc.  ,r>lh  Annual 
Meeting,  Highway  Research  Hoard,  1925 
1     The  Sis  \\  heel  Truck  and  the  Pavement,  bv  L.  W.  Teller,  Pi  tun    ROADS,  vol    G, 
no.  8,  October  1925 

5.  Static  and  Impact   Strains  in  Concrete,   bj   .1     T.   Thompson,    I'l  BI.IC    b 

vol.  7,  no.  5,  July  1926. 

6.  Tests  of  the  Delaware  Rivei   Bridge  Floor  slabs  bj   Geo.  W,   Davis,  Public 

Roads,  vol.  8,  no.  8,  October  1927. 


Several  gages  were  built  according  to  the  new  design 
and  these  have  now  been  in  use  for  more  than  a  year. 
Careful  calibration  tests  and  a  very  considerable 
amount  of  field  work  with  these  improved  gages  indicate 
that  the  objects  sought  in  the  redesign  have  been  largely 
attained.  Since  a  satisfactory  gage  of  this  type  can  be 
put  to  many  uses,  it  was  thought  that  a  complete 
description  would  be  of  general  interest. 

TEMPERATURE  EFFECTS  IMPORTANT  IN  DESIGN  OF  STRAIN  GAGE 

Changes  in  temperature  cause  dimensional  changes 
in  most  materials,  and  probably  the  most  serious  diffi- 
culty usually  encountered  in  making  strain  measure- 
ments is  the  separation  of  the  linear  changes  due  to 
stress  from  those  which  are  caused  by  thermal  changes 
either  in  the  material  being  stressed  or  in  the  gage  itself. 
In  the  case  of  measurements  in  concrete,  the  thermal 
changes  in  the  material  take  place  rather  slowly  because 
of  the  low  thermal  conductivity  of  the  concrete,  and  the 
dimensional  changes  in  the  material  occur  at  a  corre- 
spondingly low  rate.  Unless  the  stressing  of  the  con- 
crete is  extended  over  a  period  of  time  sufficient  to  per- 
mit the  concrete  to  change  in  temperature  by  about  one 
degree  centigrade  or  more  the  effect  of  temperature  on 
the  material  does  not  ordinarily  have  to  be  taken  into 
account.  The  rapidity  with  which  the  metal  in  the 
gage  itself  responds  to  thermal  changes  makes  the  effect 
of  such  changes  on  the  dimensions  of  the  gage  an  impor- 
tant consideration  in  the  design,  the  ideal  design  being 
one  in  which  complete  compensation  for  the  effect  of 
changes  in  gage  temperature  is  provided. 

As  previously  noted  the  original  gages  were  built  with 
bodies  of  brass.  This  metal  is  highly  conductive  and 
has  relatively  a  high  coefficient  of  thermal  expansion 
(about  0.000019  per  degree  centigrade).  The  result  is 
that  a  gage  built  of  brass  would  change  temperature 
very  quickly  and  the  changes  in  the  length  of  the  gage 
would  be  relatively  large.  For  example1,  if  one  as- 
sumes that  the  modulus  of  elasticity  for  concrete  is 
4, 000, ()(io  pounds  per  square  inch  it  is  apparent  that  the 
elongation  of  a  brass  gage  due  to  a  temperature  rise  of 
1°   ('.    would    equal    the   elongation    of   the   concrete  due 
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Figure  2. — Improved  Type  of  Recording  Strain    Gage. 


FULCRUM   POINT 


-SLIDING  PIN  (D) 


Figure  3. 


note: 

the  direction  of  motion  of  the  various 
parts  of  the  system  is  indicated  by  the 

ARROWS 

—Diagram  Showing  the  Mechanical   Functioning  of  the   Gage. 


to  a  tensile  stress  of  76  pounds  per  square  inch.  This  is 
approximately  one  fifth  to  one  fourth  of  the  ultimate 
strength  in  tension  of  the  concrete;  and  when  one  con- 
siders that  variations  of  several  degrees  in  the  tempera- 
ture of  the  air  surrounding-  the  strain  gage  arc  not  un- 
common, the  seriousness  of  this  temperature  effect  is 
evident. 

DESCRIPTION  OF  IMPROVED  GAGE 

Three  views  of  the  redesigned  instrument  are  shown 
infigure2.  Figure3  is  a  diagram  illustrating  the  manner 
in  which  the  gage  functions,  and  figure  4  is  a  "  phantom" 
sketch  showing  in  perspective  the  relative  positions  of 
the  essential  parts  of  the  instrument. 

The  gage  consists  of  three,  major  parts  —a  gage  body 
i  A)  on  which  is  mounted  a  bell-crank  lever  (B)  and  a 
slide  carriage  (C).  In  one  end  of  the  gage  body  there 
is  a  freely  sliding  pin  (D),  the  outer  end  of  which  is 
conical  and  rests  in  one  of  the  gage  points,  while  the 
inner  end  is  a  plane  surface  which  bears  against  the 
knife  edge  of  the  stud  or  post  (E).  The  latter  is 
fastened  rigidly  to  the  bell-crank  lever  and  moves  freely 
in  the  oversize  hole  in  the  gage  body.  The  distance 
from  this  knife  edge  to  the  fulcrum  plate  or  spring  hinge 
(F)  constitutes  the  short  arm  of  the  bell-crank  lever, 
while  the  long  arm  is  formed  by  the  two  metal  rods  (G) 
carrying  the  stylus  point  (H).  This  stylus  point  bears 
against  the  smoked  surface  of  a  small  glass  plate  (I) 
mounted  in  the  slide  carriage.  After  each  record  is 
made  this  carriage  is  moved  along  the  body  of  the  gage 


by  rotating  the  capstan  nut  (J)  on  the  threaded  portion 
of  the  gage  body.  An  adjustable  conical  point  (K) 
in  the  end  of  the  gage  body  nearest  to  the  slide  carriage 
rests  in  the  other  gage  point. 

OPERATION  OF  GAGE  DESCRIBED 

In  use  the  gage  is  placed  between  the  gage  points  as 
shown  in  figure  5  and  the  length  is  adjusted  until  the 
ends  of  the  gage  rest  firmly  in  the  gage  points  and  the 
stylus  point  is  in  a  position  about  half-way  across  the 
glass  slide.  In  this  position  either  tensile  or  compres- 
sive deformations  can  be  measured. 

When  a  change  in  the  distance  between  the  gage 
point  occurs,  the  sliding  pin  I)  moves  longitudinally 
in  the  gage  body  and  this  translation  causes  a  rotation 
of  the  stud  (E)  about  the  fulcrum.  This  stud  being  a 
part  of  the  bell-crank  lever,  a  corresponding  motion  of 
the  stylus  point  across  the  glass  slide  occurs,  the  mag- 
nitude of  the  two  displacements  being  in  the  ratio  of 
the  lengths  of  the  respective  arms  of  the  bell  crank 
lever,  or  about  60  to  1.  This  movement  of  the  stylus 
point  produces  a  trace  in  the  smoke  film  on  the  glass 
and  the  length  of  this  trace  obviously  bears  a  direct 
relation  to  the  change  in  distance  between  the  gage 
points.  After  the  recording  of  the  deformation  has 
been  completed  the  capstan  nut  (J)  is  rotated,  moving 
the  slide  carriage  longitudinally  to  a  new  position. 

Twenty  or  more  records  can  be  made  on  one  glass 
slide.  The  appearance  of  two  typical  completed 
records  on  the  glass  slide  is  shown  in  figure  6. 
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STYLUS    POINT  (H) 


GAGE    BODY(A)- 


-POST(E) 

-SLIDING    PIN(D) 


FULCRUM   PLATE  (F)- 


Fioure  4. — Phantom  Sketch,  Showing  Relative  Positions  of  Working  Parts  of   Gage. 


»•         '  t  '■  "  ■■ ' '  x  f 


Figure  5. 


-Improved  Type  of  Recording  Strain   Gage   Mounted  between  Gage  Points. 

of  Instrument. 


View   Looking    Down  on  Top 


Figure  6. — Completed  Strain-Gage  Records.    These  Slidi 
Have  Been  Fixed  and  Are  Ready  for  Measurement  oi    phi 
Length  of  the  Displacements  in  the  Direction   Pi 
dicular  to  the  long  axis  of  the  si. ide. 

compensation  for  thermal  expansion  devised 

In  designing  the  gage  it  was  decided  to  reduce  the 
thermal  expansion  to  a  minimum  through  the  use  of 
the  steel-nickel  alloy  known  as  "Invar  "  This  material 
has  a  guaranteed  coefficient  of  (hernial  expansion  of 
not  to  exceed  0.8X10-6  (or  about  4  percent  of  thai 
of  brass).  The  entire  gage  body  from  one  gage  point 
to   the  other  is  made   of  this   metal.     But   even    this 


material  change's  in  dimension  when  subjected  to 
temperature  changes;  and  in  order  to  compensate 
within  the  gage  for  such  changes  the  stylus  arm  was 
designed  with  two  metal  rods  Laving  slightly  different 
coefficients  of  thermal  expansion  and  so  spaced  as  to 
curve  the  'stylus  arm  to  an  extent  sufficient  to  com- 
pensate for  the  rotation  of  the  bell  crank  caused  by 
the  expansion  or  contraction  of  the  gage  parts.  While 
it  would  probably  have  been  possible  to  compute  the 
length  and  spacing  of  these  rods,  it  was  found  better 
in  this  instance  to  adjust   these  dimensions  by  trial. 

To  do  this  the  frame  shown  in  figure  7  was  built. 
A  steel  having  a  known  coefficient  of  thermal  expan- 
i  mi  was  used  for  the  purpose.  As  will  be  noted  in  I  he 
photograph  the  side  members  are  hollow  and  contain 
two  mercurial  thermometers.  The  gage  was  mounted 
between  the  cross  members  of  the  frame.  A  wooden 
box  which  provided  a  support  for  the  frame  and 
served  to  maintain  a  uniform  temperature  around  it 
completed  the  apparatus. 

With  the  strain  gage  in  the  frame,  the  whole  was 
subjected  to  changes  in  tempera!  lire  greater  than  would 
be  encountered  in  the  normal  operation  of  the  gage 
and    from    the   data   obtained    the   error  due   to   ■_■  ■ 
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Figure  7. — Steel  Frame  used  for  Determining  the  Effect 
of  Changes  in  the  Temperature  of  the  Strain  Gage  and 
for  Adjusting  the  Bimetallic  Arm. 

expansion  was  determined.  The  compensating  feature 
of  the  stylus  arm  was  adjusted,  by  trial,  until  the 
length  of  the  trace  in  the  smoke  film  on  the  strain-gage 
slide  was  that  corresponding  to  a  change  in  gage 
length  equal  to  the  expansion  (or  contraction)  in  the 
steel  frame. 

While  perfection  was  not  attained  in  this  adjustment 
the  compensation  feature  has  reduced  the  error  arising 
from  temperature  changes  in  the  gage  to  a  point  where 
it  is  negligible  for  the  usual  operating  conditions  under 
which  the  gage  is  used. 

OTHER   IMPROVEMENTS  MADE 

As  will  be  noted  by  reference  to  figures  2,  3,  and  4 
the  hell-crank  lever  operates  about  a  plate-fulcrum  or 
spring  hinge.  The  substitution  of  steel  lor  brass  in 
the  supporting  parts  for  this  steel  spring  hinge  appar- 
ently lias  eliminated  a  trouble  which  was  frequently 
had  with  the  original  design,  caused  by  the  separation 
of  the  spring  from  the  supporting  metal  near  the  ful- 
crum point.  Such  separation  resulted  in  a  slight  shift- 
ing of  the  flexure  point  of  the  spring  and  a  correspond- 
ing change  in  the  magnification  ratio  of  the  gage. 

The  slide  carriage  used  on  this  gage  is  new.  The 
idass  slide  is  mounted  between  bronze  spring  clips 
which  are  fastened  to  the  sides  of  the  slide  carriage. 
The  carriage  itself  slides  over  the  threaded  portion  of 
I  he  gage  body,  being  kept  from  rotating  by  a  spline 
w  hich  slides  in  a  key  way  in  the  body  of  the  gage.  This 
is  shown  clearly  in  figure  2.  A  capstan  nut  threaded 
on  the  gage  body  operates  in  a  rectangular  notch  in  the 
extended  end  of  this  spline.      Rotation  of  the  nut  mo>  es 


it  along  the  gage  and  draws  with  it  the  spline  and  the 
slide  carriage  to  which  the  spline  is  attached. 

CALIBRATIONS  MADE  ON  SPECIAL  MACHINE 

For  the  calibration  of  these  gages  and  similar  linear 
measuring  instruments,  the  special  calibrating  device 
shown  in  figure  8  was  designed  and  built. 

1 1  consists  of  a  cast-iron  base  carrying  three  pedestals. 
In  the  pedestal  at  the  right  (see  fig.  8)  there  is  a  sta- 
tionary cylindrical  steel  block  which  may  be  adjusted 
horizontally  to  any  desired  position  and  clamped.  In 
the  pedestal  at  the  left  is  a  long  nut  into  which  is 
threaded  a  precise  micrometer  screw.  This  screw  is 
provided  with  a  graduated  drum  reading  directly  to 
().()(>!)  1  inch  and  a  knurled  operating  knob  at  its  outer 
end.  Its  inner  end  is  finished  with  a  plane  surface  of 
hardened  steel.  The  combination  of  screw,  nut,  and 
graduated  drum  was  calibrated  for  accuracy  of  displace- 
ment indication  by  the  National  Bureau  of  Standards 
and  the  errors  determined  to  the  nearest  one  hundred 
thousandth  of  an  inch. 

In  the  center  pedestal  is  a  movable  steel  block  of 
triangular  cross  section  which  slides  longitudinally  in 
V  bearings  under  the  action  of  the  micrometer  screw. 
The  movable  block  is  fitted  with  a  spherical  surface 
where  it  makes  contact  with  the  end  of  the  screw. 
This  block  is  kept  seated  in  its  V  guides  by  spring- 
pressed  rollers  which  bear  on  its  upper  surface.  A  firm 
contact  between  the  block  and  the  micrometer  screw 
is  maintained  by  means  of  a  suspended  weight  which 
exerts  a  longitudinal  pull  on  the  movable  block  through 
a  flexible  ribbon  operating  over  a  pulley. 

In  use  the  gage  to  be  calibrated  is  mounted  between 
the  fixed  block  and  the  movable  block  as  shown  in 
figure  8.  The  movable  block  is  then  displaced  hori- 
zontally definite  amounts  by  means  of  the  micrometer 
screw,  the  amount  of  the  displacement  being  determined 
by  the  graduations  on  the  drum.  After  each  displace- 
ment the  glass  record  slide  on  the  strain  gage  is  moved 
ahead  to  a  new  position.  It  has  been  customary  to 
use  displacement  increments  of  five  ten-thousandths  of 
an  inch,  to  repeal  each  setting  several  tim.es,  and  to 
have  each  gage  calibrated  independently  by  two 
operators. 

The  glass  slide  on  which  the  record  is  made  is  coated 
with  a  light  smoke  film.  After  the  record  is  complete 
and  such  identifying  numbers  as  are  desired  have  been 
marked  in  the  film,  the  record  is  fixed  by  a  coating  of 
copal  gum  dissolved  in  acetone.  These  records  (see 
fig.  6)  may  he  measured  satisfactorily  in  either  one 
of  two  ways.  The  length  of  the  trace  scribed  by  the 
stj  his  point  may  be  measured  directly  with  a  measuring 
microscope  or  a  linear  comparator,  or  the  glass  slide 
may  lie  mounted  in  a  projection  apparatus  and  an 
enlarged  image  thrown  on  a  screen  containing  rectan- 
gular coordinates  by  means  of  which  the  length  of  the 
projected  trace  is  measured.  While  both  methods  have 
been  used  in  the  work  of  the  Bureau  of  Public  Roads, 
the  latter  method  has  been  found  more  convenient. 
For  this  work  a  projection  apparatus  was  built,  the 
magnifying  device  being  an  ordinary  laboratory  micro- 
scope. This  projector  gives  a  magnification  of  approx- 
imately 30:1,  which,  combined  with  the  gage  magnifi- 
cation of  about  60:1,  gives  a  total  magnification  of 
about  eighteen  hundred  times  the  original  displacement. 

Figure  !)  is  the  calibration  curve  of  one  of  these 
gages,    the    true    displacement    and    the    length    of    the 
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Figure  8. — Special  Calibrating  Device  for  the  Application  and  Precise  Measurement  of  Small  Linear    Displacement 

to  Strain  Gages,   Micrometer    Dials,  and  Similar   Apparatus. 

projected  record  on  the  strain  gage  slide  being  used  as 
the  coordinates.  The  multiplication  ratio  is  constant 
and  for  this  particular  gage  is  shown  to  be  slightly 
less  than  58:1 . 


performance  characteristics  are  satisfactory 

The  accuracy  of  strain  determination  possible  with 
this  gage  depends  principally  on  the  accuracy  with 
which  the  travel  of  the  stylus  point  in  the  smoke  film 
can  be  measured.  This  in  turn  depends  upon  I  lie 
sharpness  of  the  record  left  by  the  stylus.  The  smoke 
film  is  a  layer  of  carbon  which  is  scraped  aside  by  (he 
stylus  as  it  moves  across  the  slide.  Some  of  the  carbon 
piles  up  ahead  of  the  stylus  and  remains  in  a  minute 
heap  at  the  end  of  the  trace.  The  blunter  the  stylus 
point  and  the  thicker  the  smoke  film  the  broader  will 
be  the  record,  the  larger  will  be  this  heap,  and  the  more 
difficult  will  be  the  determination  of  the  true  distance 
traveled  by  the  point.  Hence,  the  accuracy  of  the 
measurement  can  he  considerably  increased  if  the  stylus 
point  is  kept  sharp  and  if  the  smoke  film  on  the  glass 
slide  is  made  as  thin  as  possible. 

If  these  two  points  are  given  attention  the  record 
will  be  clearly  defined  and  its  length,  when  projected 
on  the  screen,  can  be  measured  with  certainty  to  the 
nearest  0.05  inch.  Then,  since  the  gage  length  is  about 
(I  inches  and  the  combined  magnification  of  the  strain 
gage  lever  and  of  the  projection  apparatus  is  approxi- 
mately 1800:1,  the  least  unit  deformation  which  could 

he  measured  definitely  would  he   ,.,,,'    ,.  or  0.0000040 

1  SI  M)   ■    0 

inch  per  inch. 

In  concrete,  if  we  assume  a  modulus  of  elasticity  of 
4, ()()(>, Odd    pounds    pei'    square    inch,    this    deformation 

i 


/ 

CALIBRE 

MULTIPLIC 

vTION-  GA( 

ATION    FACTO 
COMPARATOf 
DR 

it    NO  9 

PROJECT 
TOTAL 

3  1  0 

1792 

10  2  0  3  0 

LENGTH    OF    PROJECTED    RECORD 


4  0 

■  INCHES 


FlGURI 


(i.     Calibration    Curve     of     \     Recording 
Gage  <  >i    no:  I  \i phi >\  ed  T •>  pi 


fc  I  I,  \i  S 


probably  accurate  to  '_'()  or  25  pounds 


minations  were 
per  square  inch. 

The  consist  en  c\  of  performance  can  best  lie  illustrated 
by  the  following  table,  which  shows  the  measured 
length  of  projected  record  for  24  repetitions  of  a  total 
orresponds  to  a  unit  stress  of  IS  pounds  per  square  displacement  of  0.0010  inch, 
inch.  In  the  work  which  the  Bureau  has  done  with  The  average  of  the  2  1  measured  lengths  i>  2.015 
these  gages  it  has  been  considered  that  the  stress  deter-    inches.     The   maximum   deviation   is  5.7   percent,   the 
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average  deviation  is  1.6  percent,  and  only  3  observa- 
tions (tests  qos.  3,  15,  and  21)  deviate  more  than  2 
percent  from  the  mean  of  the  group  of  24. 

Up  to  the  present  time  the  strain  gages  have  been 
used  entirely  for  the  measurement  of  strains  induced 
in  concrete  pavement  slabs  by  slowlj"  applied  loads  and 
no  study  has  been  made  of  their  behavior  when  sub- 
jected to  the  sudden  deformations  caused  by  impact 
loads.  It  is  planned  to  make  such  a  study  later. 
Under  the  conditions  noted,  many  thousands  of  meas- 
urements have  been  made  and  the  behavior  of  the  gages 
throughout  the  work  has  been  highly  satisfaetorv. 


Table  1. 


-Calibration  data  for  gage  no.  8;  true  displacement  0.0010 
inch 


Test  no. 

Length 
of  record 

Test  no. 

Length 

of  record 

Test  no. 

Length 
of  record 

1 

Inches 
2.000 
2.050 
1.950 

9 

Inches 

2.000 
2.025 
2.025 
2.  025 
2.050 
2.050 
1.900 
2.000 

17 

Inches 
2.000 
2  050 

2 

10. 

18 

3 

11 

19 

2  050 

4 1         2.001 

12 

20 

2  000 

5 . 

2.050 
2.050 
2.050 
2.050 

13 

21 

1  925 

6 

14. 

22 

2  000 

7 

15 

23 

2  050 

8... 

16.... 

24 

2  000 

(Continued  from  page  184) 
SUMMARY 

In  conclusion,  attention  is  called  to  certain  practical 
considerations  of  the  problem  as  regards  (a)  the  mois- 
ture content  required  to  furnish  the  desired  fluidity 
and  (b)  the  definition  of  detrimental  shrinkage.  From 
the  foregoing  discussion  it  may  be  inferred  that  the 
desired  consistency  of  mix  is  furnished  by  only  one 
moisture  content  which  must  be  determined  with  a. 
high  degree  of  exactness.  It  seems  likely  that  pastes 
having  the  low  consistency  required  in  mud- jack  work 
may  be  equally  suit  aide  with  moisture  contents  varying 
within  a  range  of  5  percent  or  more. 

A  water  content  of  42  percent  has  been  suggested  for 
the  mixture  using  soil  S-6361  but  in  practice  the  con- 
sistency of  mix  is  determined  by  the  operator  on  the 
basis  of  visual  inspection.  Successive  batches  prob- 
ably had  moisture  contents  varying  from  about  40  to 
45  or  4G  percent  and  all  appeared  to  work  equally  well. 
An  experienced  laboratory  worker,  on  the  basis  of 
visual  inspection,  would  not  be  able  to  determine  more 
accurately  the  moisture  required  to  furnish  equal 
consistency  in  several  mixtures  made  from  the  same 
soil. 

If  the  flow  curve  can  be  used  to  indicate  the  required 
moisture  content  within  possibly  5  percent,  its  use  for 
the  purpose  proposed  is  warranted.  Whether  the  opti- 
mum water  content  for  all  soils  is  that  corresponding 
to  0.1  blow,  as  was  the  case  for  soil  S-6361  must  be 
determined  by  additional  investigation. 

It  is  known  that  detrimental  shrinkage  cannot  occur 
when  the  shrinkage  limit  is  equal  to  or  greater  than  the 
moisture  content  of  the  mixture.  It  is  not  known  how 
much  the  shrinkage  limit  can  be  below  this  moisture 
content  and  still  avoid  harmful  shrinkage. 

A  7-percent  portland  cement  admixture  completely 
eliminated  the  possibility  of  shrinkage  of  paste  made 
with  soil  S-6361  and  this  is  desirable  whenever  it  can 
be  accomplished.  As  a  matter  of  fact,  had  this  paste 
contained  as  much  as  49  percent  of  moisture  it  would 
not  have  shrunk  on  loss  of  moisture  since  the  shrinkage 
limit  of  the  mixture  with  7  percent  of  cement  was  49. 
However,  soiis  of  the  excellent  character  of  S-6361  are 
not  available  in  many  parts  of  the  United  States.  In 
some  cases  it  may  be  impractical  to  add  enough  cement 
to  the  soils  which  must  be  used,  to  completely  eliminate 


all  possibility  of  shrinkage.  However,  a  conception  of 
the  basic  physical  requirements  of  pastes  for  use  in 
mud  jacking  and  a  knowledge  of  the  simple  labora ton- 
tests  for  disclosing  the  properties  of  soils  and  soil  mix- 
tures will  assist  materially  in  the  selection  of  the  best 
soils  at  hand. 

A  laboratory  investigation  of  this  character  should 
include  the  following  steps: 

1.  Hydrometer  method  of  analysis  to  determine  the 
grading. 

2.  Determination  of  the  flow  curve  of  the  soil  without 
admixture  to  furnish  the  liquid  limit  and  give  some  idea 
of  the  moisture  content  at  the  desired  consistency  of 
mix. 

3.  Determination  of  the  shrinkage  limit  correspond- 
ing to  several  admixtures  of  cement  to  determine  the 
effect  of  cement  in  reducing  the  shrinkage  of  the  mix- 
on  loss  of  moisture. 

For  all  practical  purposes  it  can  be  assumed  that  the 
mixture  with  the  cement  admixture  will  require  several 
percent  more  moisture  than  that  of  the  soil  and  water 
without  the  admixture. 

The  possibilities  of  soil  admixtures  for  improving  the 
grading  of  soils  should  not  be  overlooked.  Other  mate- 
rials which  have  been  suggested  as  admixtures  in  soil 
stabilization  3  may  be  found  useful. 

It  may  be  found  impractical  to  eliminate  all  shrink- 
age by  admixture  of  portland  cement  and  possibly  fine 
sand  but  the  tests  will  show  which  mixtures  can  be 
most  easily  improved  by  such  means  and  consequently 
which  soils  of  a  group  are  apt  to  make  the  best  mixtures. 

It  is  safe  to  assume  that  all  soils  which  the  suggested 
laboratory  tests  show  to  have  the  same  characteristics 
as  soil  S-6361  are  physically  the  same  and  therefore 
should  duplicate  the  good  performance  of  this  soil  in 
mud  jacking.  We  are  not  in  a  position,  however,  to 
say  how  far  the  characteristics  of  soils  may  vary  from 
those  of  S-6361  and  still  be  suitable  for  mud  jacking. 

The  four  soils  described  in  this  report  illustrate  the 
great  variation  which  may  exist  in  the  character  of 
soils  selected  for  mud  jacking  by  visual  inspection  on 
the  basis  of  our  present  knowledge  of  the  subject. 
They  emphasize  the  need  for  additional  information 
regarding  the  character  of  such  soils  and  tests  for 
properly  identifying  them. 

3  See  subgrade  soil  studies,  p.  38. 
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FIGURE     1. 


-Laying  Surface  Mixture  for  Stability 
Experiments. 


STABILITY  EXPERIMENTS  ON  ASPHALTIC 

PAVING  MIXTURES 

Reported  by  W.  J.  EMMONS,  Associate  Professor  of  Highway  Engineering,  University  of  Michigan1 

IN  ORDEK  to  provide  a  background  of  service  data 
for  the  development  of  laboratory  strength  tests  for 
bituminous  pavement  surface  mixtures,  the  Bureau 
of  Public  Roads  built  experimental  sections  of  a  wide 
range  of  compositions  and  observed  their  behavior 
under  controlled  traffic.  These  sections  were  con- 
structed as  a  circular  roadway  180  feet  in  mean  diam- 
eter. The  foundation  was  reinforced  concrete.  The 
test  surfaces  were  13  feet  wide  between  an  integral 
curb,  2  inches  in  height,  at  the  inner  edge  and  a  con- 
centric circle  of  experimental  concrete  sections  which 
served  as  the  outer  curb.  The  roadway  sloped  uni- 
formly from  the  outer  to  the  inner  curb  with  a  drop  of 
eight  inches.  The  concrete  foundation  was  finished  to 
a  high  degree  of  smoothness,  as  it  was  desired  to  ac- 
celerate the  tests,  and  foundation  roughness  is  quite 
generally  believed  to  assist  in  the  resistance  to  dis- 
placement of  the  bituminous  surface. 

TWO  SERIES  OK  TESTS  CONDUCTED 

Test  sections  were  constructed  and  tested  in  two 
series.  The  first  series  was  composed  of  _'7  sections  of 
asphaltic  concrete  and  the  second  of  28  sections  of 
sheet  asphalt  and  5  sections  of  asphaltic  concrete. 
The  surface  course  in  all  cases  approximated  2  inches  in 
depth.  The  mixtures  were  prepared  at  local  paving 
plants  and  laid  by  contractors'  forces.  Surfaces  were 
compressed  with  an  8-ton  tandem  roller.  Due  to  the 
narrow  width  of  the  pavement,  cross  rolling  was  not 
possible.  Delivery  and  placing  of  the  mixtures  was 
not  always  continuous,  and  for  this  reason  the  rolling 
was  probably  not  uniform  over  the  various  sections. 
This  may  have  resulted  in  lower  densities  in  some 
instances,  than  would  have  been  obtained  in  normal 
pavement  construction.  As  far  as  possible,  however, 
the  procedure  in  construction  was  in  accordance  with 
current  practice. 

As  the  tests  progressed,  measurements  were  made  on 
the  surface  mixtures  as  follows: 

(1)  The  longitudinal  displacement  under  traffic. 

(2)  The  interna]  displacement  at,  various  depths. 

(3)  The  temperature  attained  under  prevailing 

climatic  conditions. 

ALL  SECTIONS  REM  AINED  STABLE  UNDER  WINTER  TEMPERATURE^ 

The  sections  were  marked  into  thirds,  with  radial 
lines  painted  on  the  surface  lor  use  in  measuring  longi- 
tudinal displacement.  These  lines  are,  shown  in  figure  2, 
and  can  be  distinguished  from  the  broader  lines  which 
bound  the  sections  by  the  width  of  line  and  also  by  t  he 
two  short  lines  normal  to  them  near  the  inner  curb. 
At  each  end  of  these  radial  lines,  permanent  metal 
reference  plugs  were  set  in  the  concrete.  Wood  screws, 
%  inch  in  length  were  driven  at  6-inch  intervals  along 
these  lines.  Before  the  tests  were  started,  the  position 
of  each  screw  was  recorded  with  reference  to  a  wire 
stretched  between  the  permanent  plugs  at  the  ends. 
Subsequently,  as  the  tests  progressed,  the  locations  oi 
the  screws  were  similarly  determined. 

1  Highway  research  specialist,  Bureau  of  Public  Roads. 
29183—31 1 


The  internal  movement  of  the  surface  mixture  was 
studied  by  observing  the  movement  of  short  sections  of 
',-inch  brass  rod  set  one  above  the  other  and  with  a 
short,  brass  rivet  on  top.  Four  such  installations  were 
made  on  each  section  in  the  center  of  the  strip  over 
which  traffic  was  to  be  concentrated.  They  were 
located  2  feet  from  the  radial  lines  and  were  referenced 
to  the  curb  and  to  the  wire  which  was  stretched  along 
the  radial  lines  to  measure  longitudinal  displacement. 

Internal  temperature  of  the  pavement,  was  measured 
with  thermo  couples  installed  in  several  of  the  sections 
of  the  first  series  of  tests.  The  scope  of  this  phase  of 
the  investigation  was  considerably  amplified  in  the 
second  series.  In  general,  temperatures  were  observed 
at  10  a.m.  and  2  p.m.,  but  some  special  work  was  done 
to  investigate  temperatures  during  a  24-hour  period 
It  was  found  that  asphaltic  mixtures  are  more  liable 
to  displacement  under  traffic  during  periods  when  high 
temperatures  prevail.  Many  mixtures  proved  to  be 
stable  throughout  the  tests.  Those  which  shoved 
badly  under  summer  conditions  were  highh  resistant 
to  displacement  during  the  cooler  months.  I'nder 
traffic  of  the  type  imposed,  no  mixture,  however  poorly 
constituted,  was  appreciably  displaced  dining  periods 
when  the  average  air  temperature  was  lower  than  70°  F. 
The  results  of  the  study  of  pavement  temperatures  have 
already  been  reported  in  detail.2 

HEAVl   TRAFFIC  IMPOSED  ON  TEST  SECTIONS 

Loaded  trucks  equipped  with  solid  rubber  tires  con- 
stituted the  traffic.  Thc\  traveled  always  in  the  same 
direction,  and  the  inner  wheels  were  kept  in  a  path  2 
feet  wide,  as  indicated  by  short  longitudinal  lines 
painted  on  the  pavement.  The  speed  was  held  as 
closely  as  possible  to  12  miles  per  hour.  In  the  first 
series  of  tests  a  3-ton  truck  basing  a  total  weight  of 
15,600  pounds,  and  a  rear  wheel  load  of  approximately 

I  emperature  as  -\  Factor  in  the  Stability  of  Asphaltic  Pavements,  Public  Roads. 
vol.  7,  no.  2,  April  1920 
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5,700  pounds  was  used  at  the  beginning,  but  later 
another  truck  was  added  to  accelerate  the  test.  This 
second  unit  was  a  5-ton  truck,  loaded  to  capacity,  with 
a  rear  wheel  load  of  about  7,900  pounds.  Approxi- 
mately 50,000  passages  over  the  pavements  were  made 
between  the  start  of  the  tests  during  the  month  of 
October  and  its  discontinuance  about  the  middle  of  the 
following  August. 

Only  one  truck  was  used  in  the  second  series  of  tests. 
The  total  weight  was  17,800  pounds  with  a  rear  wheel 
load  of  6,800  pounds.  This  truck  made  64,000  trips 
over  the  pavements  during  two  periods  from  August 
28  to  November  11,  and  from  May  5  to  October 
15  of  the  following  year.  As  the  first  series  had 
shown  that  no  displacement  was  to  be  expected  during 
the  cold  months,  traffic  was  suspended  over  the  winter 
in  this  test.     The  west  side  of  the  roadway  was  located 


FIRST  SERIES  OF  STABILITY  EXPERIMENTS  DESCRIBED 

In  the  first  series  of  tests,  the  circular  roadway  was  • 
surfaced  with  27  different  compositions  of  asphaltic 
concrete.  The  intended  variables  were  the  relative 
percentages  of  fine  and  coarse  aggregates,  consistency 
of  the  asphalt  cement,  gradation  of  coarse  aggregate 
and  gradation  of  fine  aggregate.  Trap  rock,  graded 
from  VA  inches  to  %  inch,  Potomac  River  sand,  and 
limestone  dust  were  used  respectively,  as  the  coarse 
aggregate,  the  fine  aggregate,  and  the  filler  in  these 
mixtures. 

At  the  time  this  series  of  sections  was  constructed, 
no  paving  plant  equipped  with  weighing  apparatus  was 
available.  All  of  the  materials,  even  the  asphalt  ce- 
ment, were  proportioned  by  volume.  This  practice 
precluded  strict  adherence  to  the  schedule  of  mixture 
compositions  and  probably  also  resulted  in  a  lack  of 


Figure  2.- — Second  Series  of  Stability  Tests,  Showing  Section  Lines  and  Effect  of  Traffic  on  Test  Sections. 


in  a  cut,  the  top  of  which,  some  25  feet  back,  was  fringed 
with  trees  and  shrubs.  These  cast  a  shadow  over  some 
of  the  sections  during  the  latter  part  of  the  day.  In 
late  September,  this  began  about  1  p.m.  on  parts  of 
sections  32  and  33.  By  4:15,  when  traffic  was  discon- 
tinued for  the  day,  sections  1,  2,  3,  4,  5,  7,  28,  29,  30, 
31,  32,  and  33  were  either  entirely  shaded  or  merely 
spotted  with  sunlight  which  filtered  through  the  foliage. 
The  stability  of  asphalt  mixtures  is  reduced  as  their 
temperature  is  increased,  and  it  was  determined  in  this 
investigation  that  at  a  given  time  the  temperature  of 
areas  exposed  to  direct  sunshine  was  higher  than  that 
of  shaded  areas.  Therefore,  it  is  true  that  certain  of 
these  mixtures  were  tested  under  slightly  different  con- 
ditions than  the  remainder  for  a  part  of  each  clear  day. 
It  is  impossible  to  evaluate  the  effects  of  these  temper- 
ature variations,  but  it  is  believed  that  they  were  not 
great  enough  to  influence  the  behavior  of  the  mixtures 
materially. 


uniformity  between  the  several  batches  composing  each 
section.  A  number  of  mixtures,  containing  high  per- 
centages of  coarse  aggregate,  gave  compressed  pave- 
ment surfaces  of  very  open  texture  and  a  seal  coat  of 
asphalt  cement  and  stone  chips  was  applied  to  all  sec- 
tions. Table  1  shows  the  analyses  of  samples  taken 
at  the  paving  plant  and  the  movement  of  the  reference 
screw  which  displaced  to  the  greatest  extent  under 
traffic.  In  table  2  the  mixtures  are  grouped  according 
to  the  consistency  of  the  asphalt  and  the  amount  of 
coarse  aggregate  and  the  approximate  gradation  of  the 
fine  and  coarse  aggregates  are  shown. 

results  of  first  test  not  conclusive 

Most  of  the  mixtures  were  satisfactory  under  traffic, 
the  maximum  displacement  of  any  reference  screw  in 
one  third  of  the  sections  being  less  than  1  inch.  This  is 
a  negligible  deformation  which  mny  merely  reflect 
internal  readjustment  of  the  mixtures  due  to  added 
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Table  1.- — Analyses  of  plant  samples  {percentages  by  weight)  ami 
maximum  displacements  of  aspkaltic  concrete  mixtures  of  first 
series  of  tests 
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7.0 

1    I 

1.  1 

19-... 

5.05 

6.9 

10.0 

10  8 

9.7 

13    l 

10.7 

13.9 

10.1 

6.3 

i.  2 

.  7 

20 

6.31 

6.6 

8.  7 

11.6 

16.6 

11.4 

17.7 

11.0 

6.3 

3.2 

21 

6.17 

6.2 

12.2 

9.4 

15.  1 

6.8 

15.6 

14.0 

9.5 

4.4 

1    ! 

22 

6.20 

8.8 

5.3 

11.5 

15.0 

8.2 

18.1 

14.4 

8.8 

3.7 

.9 

23 

5.78 

8.7 

9.  S 

11.8 

14.3 

6.5 

16.2 

13.6 

8.5 

4.  6 

5 

24 

4.92 

4.2 

15.  2 

13.4 

10.0 

9.3 

20.5 

15.  1 

4.4 

3,0 

.1 

25 

5.03 

4.4 

7.4 

11.4 

9.7 

12.5 

11.7 

18.1 

12.8 

4.  1 

2.  9 

•i 

26 

7.54 

1.  u 

2.9 

4.0 

11.8 

14.  5 

8.7 

10.9 

13.8 

12.5 

9.  1 

2,  9 

27 

7.28 

1.6 

7.2 

17.1 

11.8 

4.9 

6.9 

1 7.  2 

17.0 

9  0 

7   9 

'  Analyses  of  batches  mixed  at  different  times. 
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Figure  3.- 


-Condition  of  Section  3  on  Completion  of  Test 
Showing  Full  Area  of  Section. 


compaction  under  traffic.     A  number  of  sections  were 

displaced  to  extreme  degrees,  failure  generally  taking 
the  form  of  rutting  and  progressive  loosening  of  the 
bond  between  the  coarse  aggregate  particles.  TIk> 
mixtures  containing  the  higher  percentages  of  coarse 
aggregate  behaved  in  this  manner.  Subsequent 
examination  of  specimens  taken  from  the  less  distorted 
areas  of  the  sections  which  failed,  revealed  thai  the 
asphalt  cement  applied  as  the  seal  coat  had  penetrated 
to  a  considerable  depth  into  these  comparatively  porous 
mixtures.  It  is  probable  that  this  excess  of  bitumen 
contributed  largely  to  their  instability.  It  was  further 
noted  that  a  large  part  of  the  coarse  aggregate  particles 
of  these  disintegrated  areas  were  almost  or  entirely  free 
from  a  coating  of  bitumen.     This  may  have  resulted 


Table  2.      Composition  of  plant  samples   (percentages  by   u- 
unless  otherwise  shown)   ami  displacement  of  asphaltic  co 
mixtures  of  first  series  of  stability  l<sis 

MIXTURES  CONTAINING    15   PENICTKATION    \SPHALn 


i 

i  oai  • 

c 

■ui'-  ill'  re- 
tained  on 

l'i 

—  'ii1.'  l\V. 

1  retainei 

1  on  ncxl  smaller  size 
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no.  Ii1 

Mix  no. 

EE 

~           - 

., 

a 

OJ 

•2, 

—              3 

- 

c 

5 

>            c 

a 

~            — 

o        l. 

— 

c- 

~ 

cr 
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— 

>.            *- 

.m 

■  * 

— 

o 

c 

O 

c 

<-, 

« 

K 

B 

- 

~ 

- 

- 

V. 

V. 

'A 

X 

In. 

Pet. 

Pel. 

Pet. 

Pd 

Pct 

Pet. 

I'd 

Pet 

Pet 

I\i 

l\l 

Pet 

Pet. 

16... 

0.3 

II.  32 

10 

33 

12 

1! 

L'I      26 

21 

12 

:;i 

17 

u 

o.  5 
n  5 

5.  78 
fi,  03 

51 

-ill 

11 

12 

17 

12 

19 

19 

23 

28 

31 

i,; 
13 

38 

3.', 

31 
3,3 

20 

11 

12... 

lit 

0.7 

5.  05 

61 

51 

n 

16 

IS 

in 

22 

17 

II 

30 

19 

in 

- 

1.8 

5  41 

60 

53 

17 

6 

22 

37 

Is 

12 

29 

11 

MIXTURES  CONTAINING  55  PENETRATION  ASPHALT 


0.2 

ii  : 

57 

19 

8 

13 

20 

17 

22 

20 

17 

31 

11 

0,  1 

4.  12 

52 

13 

s 

29 

26 

19 

is 

IS 

35 

In 

0.9 

6.  20 

19 

11 

IS 

11 

21 

31 

17 

10 

32 

20 

1.  1 

5.  36 

58 

.',1 

9 

I'l 

l\ 

22 

21 

211 

II 

29 

19 

2.4 

7.  43 

34 

28 

5 

?s 

4? 

25 

:i 

37 

?0 

2.  "i 

i;  31 

55 

17 

12 

HI 

21 

30 

21 

u; 

30 

16 

2.9 

7.  ."1 1 

16 

38 

9 

6 

9 

26 

31 

19 

23 

30 

27 

7.9 

7.  28 

13 

35 

4 

17 

40 

27 

12 

1  1 

34 

3  1 

9.4 

6.  18 

52 

11 

2 

12 

13 

21 

i.-i 

1  1 

38 

3D 

19 

23.  X 

5.  26 

64 

57 

6 

11 

20 

17 

30 

16 

10 

30 

19 

3.  95 

73 

06 

3 

15 

24 

22 

21 

12 

27 

MIXTURES  CONTAINING  65  PENETRATION  ASPHALT 


11.. 
3... 
10.. 
fi... 


0.4 

6.02 

43 

3i ; 

« 

17 

28 

31 

19 

37 

33 

21 

1.4 

1.S3 

71 

61 

7 

IS 

30 

33 

12 

33 

29 

20 

4.6 

5.47 

55 

48 

7 

21 

21 

36 

12 

38 

32 

!0 

42.  5 

4.  59 

65 

58 

0 

16 

19 

22 

27 

13 

31 

31 

•)•) 

MIXTURES  CONTAINING  75  PENETRATION  ASPHALT 


21 
13 
9. 


0.3 

5.24 

00 

52 

12 

10 

21 

15 

23, 

19 

12 

27 

1.  1 

6.17 

50 

42 

1.3 

21 

19 

311 

11 

35 

33 

22 

1.  1 

5.  60 

4.3 

36 

17 

17 

25 

21 

20 

17 

28 

15 

6.4 

5.69 

56 

50 

9 

13 

IS 

22 

2s 

10 

38 

32 

20 

24.  2 

4.44 

65 

58 

17 

24 

17 

29 

13 

in 

28 

211 

62.5 

5.15 

70 

62 

.... 

2 

7 

11 

35 

12 

31 

24 

13 
10 

111 

I', 

12 

21 


MIXTURE  CONTAINING  86  PENETRATION  ASPHALT 


ii 92.9     4.35         71         61       3       9     16     21  |  36      15     37     25  |  19       19 


1  Average  of  analyses  of  batches  mixed  at  different  times. 

from  the  abrasive  action  during  the  progressive  loosen- 
ing of  the  bond  between  the  stone  particles,  but  there 
is  also  the  possibility  of  poor  adhesion  of  the  asphalt 
to  the  coarse  aggregate. 

The  number  of  factors  which  affected,  in  varying 
degrees,  the  behavior  of  these  27  mixtures  under  traffic, 
makes  it  impossible  to  build  up  a  general  theory  which 
will  satisfactorily  explain  the  observed  results.  There 
are,  however,  a  few  interesting  observations  which  can 
be  made: 

(1)  Mixtures  which  contained  as  much  as  (54  percent 
by  weight  (approximately  57  percenl  by  volume)  of 
coarse  aggregate  were,  with  one  exception,  badly  dis- 
placed by  the  traffic.  This  behavior  probably  was  due, 
as  previously  suggested,  to  the  increased  bitumen 
introduced  by  application  of  the  seal  coat,  or  to  insuffi- 
cient  mortar  to  properly  reinforce  the  interlocking  of 
the  coarse  aggregate.  This  latter  possible  cause  may 
have  been  supplemented  by  a  rather  poor  degree  ol 
adhesion  or  to  a  loss  of  adhesion  of  the  asphalt  to  the 
coarse  aggregate  particle-. 

(2)  Mixtures  which  were  highly  and  equally  stable 
were  prepared  with  asphalts  of  !■">.  55,  65  and  75  penc- 
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tration.  The  amount  of  bitumen  in  t lie  mixture  and 
other  details  of  proportioning  are  undoubtedly  far  more 
important  factors  in  their  effect  upon  stability  than  is 
the  consistency  of  the  asphalt  cement. 

(3)  Most  of  the  mixtures  contained  fine  aggregates 
which  were  considerably  coarser  than  usual  aggregate 
specified  for  sheet  asphalt  construction.  The  fine 
aggregates  of  those  mixtures  which  were  most  resistant 
bo  traffic  displacement  did  not  carry  high  percentages 
of  filler.  The  average  fine  aggregate  gradation  of  the 
live  mixtures  prepared  with  45  penetration  asphalt,  all 
of  which  were  highly  stable,  was  substantially  as 
follows: 

Passing  no.  10,  retained  no.  40  sieve 40 

Passing  no.  40,  retained  no.  80  sieve 31 

Passing  no.  80,  retained  no.  200  sieve 19 

Passing  no.  200,  retained 10 

Total 100 

l  There  is  no  indication  that  the  gradation  of  the 
coarse  aggregate  affected  the  behavior  of  the  several 
mixtures.  If  gradation  is  of  significance  within  the 
range  of  sizes  used,  its  effect  is  obscured  by  the  greater 
importance  of  other  factors. 

SECOND  SERIES  OF  STABILITY  EXPERIMENTS  INITIATED 

The  difficulties  encountered  in  correlating  the  results 
of  the  first  series  indicated  the  necessity  of  tests  with  a 
smaller  number  of  variables  involved.  A  second 
group  of  sections  was  planned,  the  major  portion  of 
which  were  sheet  asphalt  mixtures.  Each  was  to  be  of 
different  composition  and  to  be  laid  2  inches  thick 
directly  on  the  smooth  concrete  foundation  without 
the  customary  intermediate  or  binder  course.  A  few 
sections  of  asphaltic  concrete  were  included  to  obtain 
direct  comparisons  with  sheet  asphalt.  Dense  asphaltic 
concrete  mixtures  were  designed  to  avoid  the  necessity 
for  a  seal  coat.  Table  3  shows  the  schedule  of  mix- 
tures. Potomac  River  sands  typical  of  those  used 
locally  were  used  with  the  exception  of  a  very  fine 
sand  imported  for  mixtures  1  to  5.  This  fine  sand  was 
blended  with  the  medium  sand  used  in  mixtures  If  to 


28.  Trap  rock  was  not  available  for  the  asphaltic 
concrete  mixtures  and  a  hard  limestone  was  used. 
The  asphalt  cements  were  refined  from  Mexican  crude 
oil  and,  with  the  exception  of  those  which  conformed 
to  standard  grades,  were  specially  prepared,  presum- 
ably from  the  same  stock.  Their  test  characteristics 
are  given  in  table  4.  The  42-penetration  asphalt  was 
drawn  from  the  storage  tanks  at  the  paving  plant. 
The  other  asphalts,  of  which  only  small  amounts  were 
needed,  wrere  heated  in  small  auxiliary  kettles. 

FAILURES  EXPLAINED  BY  FAULTS  IN  PROPORTIONING  OR  IN 
MATERIALS 

One  truck  load  was  sufficient  to  surface  each  section 
of  approximately  25  square  yards.  The  frequent 
changes  in  formula,  with  the  necessary  substitution  of 
aggregates  and  asphalts,  resulted  in  considerable  delay 
and  difficulty  in  proportioning  and  in  the  control  of 
temperatures.  The  33  mixtures  were  produced  in 
two  working  days.  Large  samples  of  each  mixture 
were  taken  and  their  analyses  are  shown  in  table  5. 
Some  discrepancies  exist  between  the  mixtures  as 
planned  and  the  analyses.  Those  which  involve  the 
percentage  of  filler  are  doubtless  due  to  variations  in 
the  content  of  the  Potomac  River  asphalt  sand  passing 
the  no.  200  sieve.  This  sand  was  used  from  the  con- 
tractor's stock.  Sheet  asphalt  section  no.  16  is  an 
outstanding  example  of  such  discrepancy.  No  filler 
was  added  to  this  mixture,  but  repeated  tests  on  samples 
yielded  between  9.0  percent  and  10.0  percent  passing 
the  no.  200  sieve. 

Although  the  mixtures  do  not  conform  in  every 
detail  to  those  originally  outlined,  they  do  cover  a  wide 
range  of  composition  and  it  is  quite  certain  that  each 
section  is  uniform.  It  is  regretted  that  mixtures 
typical  of  the  high  filler  combinations  which  have 
been  popular  in  some  quarters  were  not  included  in 
this  series.  Mixture  19  carried  a  large  quantity  of 
dust,  the  effect  of  which,  however,  was  obscured  by 
other  factors  which  are  discussed  later. 

Traffic  was  started  on  the  pavements  in  late  August 
as  soon  as  measuring  devices  had  been  installed.     Dis- 


Table  3. — Schedule  of  mixtures  for  second  series  of  stability  experiments 


Group 

Mixtures  or  sec- 
tion numbers 

Percentage  ot 
bitumen 

Percentage  of  filler 

Type  of  sand 

Coarse  aggregate 

Type  of  asphalt 

Penetration 
of  asphalt 

\ 

1  to  5 

Variable.. 

Fine 

None 

Steam-refined 

do... 

Constant. 

B 

6  to  10 

do  . 

do 

Coarse.. 

do.. 

Do. 

c 

11  to  15 

do. 

do     . 

Medium . 

do 

do... 

Do. 

D 

10  to  Wand  13 

20  to  23  and  13... 

Constant 

....do 

do 

do 

Do. 

E 

do  .. 

do 

do... 

do 

Variable. 

K 

24  to  28... 

do 

do 

...do 

do 

Blown 

Do. 

G 

29  to  33. 

Variable 

do 

....do 

Limestone 

Steam  refined 

Constant. 

Table  4. — Analyses  of  asphalt  cements  used  in  second  series  of  tests 


Type 


Mexican,  steam  refined 


Sections  in  which  used... 

Specific  gravity,  25/25°  C 

Flash  point,  °  C 

Penetration,  0°  C,  200  g,  1  min... 

l'enotration,  25°  C,  100  g,  5  sec 

Penetration,  46.1°  C,  50  g,  5  sec 

Softening  point,  °  C 

Ductility,  25°  C,  cm 

Volatilization,  percentage  change  in  weight,  50  g,  5  hr.,  1C3°  C 
Penetration  of  residue  from  volatilization,  25°  C,  100  g,  5  sec. 

Total  bitumen,  soluble  in  CS2  percent 

Organic  material,  insoluble,  percent - 

Inorganic  material,  insoluble,  percent 

Bitumen  insoluble  in  86°  B.  naphtha,  percent 

Fixed  carbon,  percent 


20 

(') 

1.052 

1.052 

324 

299 

11 

15 

31 

42 

119 

175 

61.9 

55.9 

77 

95 

+0.002 

-0. 004 

27 

39 

99.77 

99.65 

0.15 

0.20 

0.08 

0.15 

33.07 

32.21 

17.18 

17.75 

.043 


21 

1. 

29C 

10 

55 
234 

53.4 

87 
-0.  021 

50 

99.  62 
0.24 
0.14 

30.03 

15.40 


22 

1.035 
299 
19 

63 
(2) 
51.4 
100+ 
+0.  004 
50 

99.  50 
0.20 
0.18 
25.  10 
13.  05 


23 

1.034 
296 
21 
72 

(2) 
49.0 
100+ 
-0.016 
62 
99.59 

0.20 

0.21 
24.69 
14.09 


Mexican,  blown 


24 

1.037 
258 

17 

44 
137 

60.6 

27 
-0.  062 

41 

99.72 
0.20 
0.08 

35.09 

15.35 


25 

26 

27 

1.030 

1.024 

1.020 

227 

235 

245 

22 

27 

28 

50 

59 

67 

126 

195 

250 

64.4 

55.3 

53.2 

13.5 

55 

65 

-0.  052 

-0.110 

-0. 109 

46 

55 

61 

99.63 

99.31 

99.53 

0.25 

0.31 

0.31 

0.12 

0.38 

0.16 

36.24 

28.13 

30.86 

15.00 

13.30 

13.42 

28 

1.022 
243 

34 

81 

(2) 

50.3 

53 
-0. 146 

73 

99.50 
0.28 
0.22 

29.35 

12.60 


»  1  to  19,  29  to  33,  inclusive. 
'  Too  soft  for  test. 
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placement  began  immediately  in  a  number  of  the  sec- 
tions, but  as  the  temperature  declined  during  the 
autumn  months  the  effect  of  traffic  became  increasingly 
less.  The  tesl  was  discontinued  during  the  winter  and 
recommenced  in  May  and  completed  in  October. 
Before  traffic  was  resumed  in  May,  a  core  1  indies  in 
diameter  was  punched  from  a  location  in  each  section 
which  had  received  full  compression  in  construction 
but  which  had  not  been  traveled  over  by  the  truck. 
The  densities  of  these  plugs  were  regarded  as  repre- 
sentative of  the  degree  of  compression  of  the  respective 
sections  and  are  referred  to  later  in  this  report. 

After  completion  of  the  traffic  tests,  10  slabs  or 
more  approximately  24  inches  square  were  cut  from 
each  section  for  use  in  laboratory  studies.  These 
specimens  were  taken  within  the  area  of  traffic  as 
well  as  near  the  curbs  and  between  the  wheel  tracks. 
At  the  same  time  the  internal  displacement  rods  were 
excavated,  their  positions  recorded,  and  movements 
computed. 

The  final  longitudinal  displacements  of  the  several 
sections  are  shown  in  the  last  column  of  table  5.  The 
displacement  of  each  section  was  taken  to  be  the  total 
movement  of  25  screws  in  a  radial  line  derived  by  tak- 
ing half  of  the  total  movement  of  50  screws  in  two 
lines.  Figures  3  to  6  show  the  condition  of  the  several 
sections  at  the  end  of  the  test.  These  pictures  were 
taken  from  an  elevated  platform  after  the  section  and 
guide  lines  had  been  repainted.  Displacements  oc- 
curred in  the  direction  of  traffic,  and  they  developed 
to  a  greater  degree  under  the  outer  truck  wheels.  In- 
stability was  evidenced  more  by  rutting  with  lateral 
displacement  than  by  the  formation  of  transverse 
waves.  Some  movement  occurred  in  every  section, 
but  in  many  it  was  very  slight.  All  failures  can  be 
readily  explained  by  faults  in  the  proportioning  or 
quality  of  asphalt. 

The  degree  of  displacement  appeared  to  be  fairly 
uniform  through  the  depth  of  the  surface  course.    The 


sections  of  brass  rod  closely  maintained  their  original 
relative  positions  with  the  exception  of  those  in  the 
highly  plastic  mixtures.  In  a  lew  instances  there  were 
somewhat  greater  movements  in  the  upper  inch,  but 
the  actual  distance  moved  was  but  slightly  greater 
than  that  immediately  at  the  foundation.  Sometimes 
the  movement  at  lower  levels  appeared  a  little  greater 
than  at  the  top,  but  this  difference  also  was  negligible. 
Typical  diagrams  of  the  migration  of  the  reference  rods 
are  shown  in  figure  7.  There  was  no  bond  between 
the  surface  course  and  the  smooth  foundation.  It 
appears  that  the  use  of  the  customary  stable  binder 
course,  which  provides  a  positive  bond  with  the  sur- 
face course,  might  have  improved  the  behavior  of  some 
of  these  mixtures.  It  is  doubtful  if  the  highly  plastic 
mixtures  would  have  been  benefited. 

The  primary  object  of  the  experiment  was  to  supply 
specimens  of  known  relative  degrees  of  stability  for 
the  subsequent  development  and  correlation  of  labora- 
tory stability  tests,  but  the  results  provide  an  oppor- 
tunity to  study  the  practical  effects  of  some  variations 
in  materials  and  compositions. 

SHEET  ASPHALT  SECTIONS   DISCUSSED 

Three  sand  combinations  of  widely  different  grada- 
tions were  used  as  shown  in  table  3.  Five  mixtures 
were  laid  with  each  sand  combination,  varying  only 
the  bitumen  content.  It  was  the  intention  to  com- 
mence with  a  very  lean  mixture,  and  gradually  increase 
the  bitumen  content  until  a  condition  of  excessive 
richness  was  reached.  Mixtures  1  to  5  with  fine  sand, 
6  to  10  with  coarse  sand,  and  11  to  15  with  medium 
sand  constituted  these  groups.  The  tine-sand  and 
coarse-sand  groups  are  especially  uniform  in  aggregate 
composition  and  illustrate  well  the  influence  of  changes 
in  bitumen  content.  In  each  group  resistance  to  dis- 
placement increased  with  decrease  in  bitumen  content. 

No  material  decrease  in  the  stability  of  mixtures  1  to 
10  was  evident  until  the  bitumen  was  increased  to  the 


Table  5. — Composition,  density,  voids,  laying  temperaturt  and  displacement  under  traffic  of  sheet  asphalt  sections 


Section  or 
mixture 


Bitu- 
men 


Re- 
tained 

on  no. 
10 


1. 

2., 

3. 

4.. 

5.. 

f... 

7. 

* 

9. 

10. 

11. 

12. 

13 

14. 

15. 

16 

17. 

18. 

19 

20 

21 


Pi  ra  ni 
by 

a  eight 
10.2 
10.9 
12.0 

13  9 
7.9 

8.7 
9.0 
11.  1 
12.2 

10.0 
10.4 
11.5 
12.3 

9.7 

9.  8 
10.1 
10.9 

9.  9 
10.0 

9.7 
10.4 
10.0 

9.  'J 
10.0 
10.5 

9.7 


Percent 

by 

ii  until 

0.2 

.2 

.3 

.  7 

.3 

6.3 

5.5 

6.5 

4.5 

3.7 

2 

.2 
.3 
.2 
.3 
.4 
,  o 

.2 
.  1 
.3 


Passing  and  retained  on  next  smaller  size 


No.  10    No.  20 


Percent 

by 
weight 
1.8 
2.1 
2.0 
3.7 
2.9 
16.7 
13.4 

16.  r, 

14.7 
12.8 
3.3 
4.  1 
2.6 

2.  6 
3.0 
4.3 
3.8 
2.2 
2.3 
2.3 
2.2 
4.1 

3.  6 
3.1 
3.6 
2.8 
2  8 
3.1 


Perci  ni 
1 1  n 

in  ight 
1.  3 
4.3 
3.8 
5.6 

5.  0 
12.5 
12.9 
11.6 
12.7 
12.9 

CO 
7.4 
5.8 
5.7 
6.4 
8.7 
7.9 

4.5 
4.0 
5.2 
8.1 
6.7 
5.G 
6.7 

6.  3 
6.7 

7.  1 


No.  30 


\.i    in     No.  50 


by 
weight 
3.8 
4.2 
3.  5 
4.9 
3.8 
7.0 
7.  S 
7.0 
8.2 
8.0 

5.  ii 

6.  2 
5.4 

5.8 
7.0 
7.0 
5.1 
4.4 
4.8 
5.1 
6.8 
0.3 

-.  ii 

6.  1 

6.  4 

>;.  2 


by 
veight 
9.  3 
9.  2 
8.3 
9.  9 
8.4 
10.8 
11.8 
10.4 
11.3 
11.4 
13.1 
13.0 
12.2 
13.2 
13.4 
1  1.8 
14.5 
12.8 
10.9 
12.7 
12.3 
13.7 
13.7 
12.9 
13.9 
13.9 
13.6 
13.8 


Percent 
bv 

weight 
16.3 
15.7 
i  I  9 
14.8 
i  I.  1 
10.9 
12.7 
11.2 
10.8 
12.3 
19.5 
is.  7 
19.0 
17.9 
19.6 
19.8 
19.2 
18.4 
15.2 
is.  I 

IS.  8 

18.  1 
18.3 

18.0 
18.3 

19.  1 
18.8 


No.  80 


I'i  in  nl 
by 

a i  ight 
16.0 
18.9 

16.3 
14.2 
7.3 
7.3 
8  n 
7.3 
6.4 
l '.'.  8 
10.4 
11.0 
13.7 
10.6 
10.7 
11.3 
12.9 
11.3 
l  1.0 
11.8 
10.8 
13.0 
13.3 
13.7 
12.8 
in  6 
10.7 


No.  1C0  No.  200 


1 


I'i  ra  lit 

bv 
ii  i  ii/ lit 
25  6 
22.  0 
23.3 
19.  1 
24.2 
7.5 
8.6 
I 
7.2 
8.0 
18.3 
16.4 
16.8 
18.2 
16.  3 
14.7 
16.  1 
18.  1 
10.7 
17.0 
18.2 
15.0 
15.9 
15.  4 
16.3 
17.3 
16.5 
15.2 


Percent 
by 

Height 
12.5 
12.5 
12.  1 
12.4 
1 2. 9 
1 2.  5 
11.3 
11.8 
12.2 
12.3 
12.7 
13.6 
16.5 
11.5 
12.3 
9.  Ii 
10.2 
15.0 
23.7 
16.0 
15.8 
12.8 
12.1 
15.8 
11.8 
1 2.  9 
13.6 
15.2 


Specific 
gravity 
of  aggre- 
gates 


2.  675 
2.  074 
2.660 
2.681 
2  666 
2.  688 
2.  074 
2.  (174 
2. 117 1 

2,  674 
2.674 
2.  666 

2.666 
2.  674 

'.'  OSS 
2.  696 

2.  666 
2.666 
2.668 
2.  682 
2.  000 
2.  664 
2.660 
2.681 


Specific 
gravity 
of  core 
from 
pave- 
ment 


2.  048 

2.  oso 
2.  101 
2.  1H7 
2.  150 
2.  100 
2. 175 
2.  202 
2.  198 
2.  (lis 
2.  102 
2.  150 
2.  075 
2.  187 
1.999 
1.990 
2.  170 
2.  230 
2.010 

2.091 

2.  H70 
2.009 
1.938 
1.940 
1.  950 


Theoret- 
ical max- 
imum 

gra\  II. v 


2.312 

2.243 
2.  199 
2.  395 

2.  349 
2.  283 
2.  246 
2.  37 1 
2.317 
2.  299 
2.  273 
2.243 

2.  323 
2.  323 
2.304 
2  315 
2.  307 
2.313 
2  291 
2.315 
2.  306 

2  280 
2.316 


Pave- 
ment 
voids 


Perct  ni 

ll.o 
10.7 

7.  2 

i'o 

10.  2 
11.0 
7.4 
3.  5 

2.  1 
15.  1 

9.  3 
0.5 
8.7 
2.4 
13.6 
14.4 
6.  5 

3.  1 
13.2 

9 


.4 
.6 
9.  5 
10.6 
1 2.  s 
15.6 
14.9 
15.9 


Laj ing 
tempei 
ature 

l 'T.i 


100 

450 

:t2.:. 
335 
350 

325 
300 
300 
280 

340 

'.'SI  I 

325 
340 
320 

340 
310 
350 
290 
340 


Displacement 


Greatest  Total 
screw  move- 
move-  ment  of 
ment  25screwsl 


Inches 

n  i 

.6 

.  5 

32.  1 

1.7 

5.  ii 

70.  0 

115.9 

.7 

5.  7 

4.  3 

13.  2 

37.7 

.6 

1.5 

17.(1 
.0 
.  5 
18.7 
9.1 
2.7 
4.9 
7.7 

10.5 


Inches 
1.4 

199!  8 

1.0 
8.3 
23.  4 

148.9 

0.7 

20,7.  4 
7.  1 

109.0 

71.1 

28.1 

J  48.  4 

82.  9 

.'ii..' 
87.0 


1  Averaged  from  movement  of  50  screws  in  two  lines. 


'  Approximate  as  section  partly  disintegrated  under  traffic. 
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Figure  4.  -Condition  of  Test  Sections  of  Second  Series  on  Completion  of  Tests. 


January  1934 
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Figure  5. —  Condition  of  Test  >m  ii<>       oi    Second  Si  an  ■  on  Completion  of  Tests. 
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H-fiinrinnii  -t^Ha-fc 
Figure  6.— Condition  of  Test  Sections  of  Second  Series  on  Completion*  of  Tests. 


January  1934 


PUBLIC    ROADS 


205 


r-SURFACE     OF    PAVEME'. 


SECTION    2 
SHEET   ASPHALT 
I      INNER   WHEEL  TRACK 


SECTION    2  1 

■    CUTER  WHEEL  TRACK 


OIRECTION  OF  TRAFFIC 


SECTION     1 

SHEET     I 
ASPHALT     | 

INNER          V 
WHEEL           J 
TRACK           ( 

SECTION    4  t 

OUTER   WHEEL    TRACK* 


~\ 


INNER 
WHEEL 
TRACK , 


SECTION 
22 

SHEET 
ASPHALT 


SECTION    22 


WAVE   OR     FOLD     IN 
OUTER    WHEEL   TF 


INNER 
WHEEL 
TRACK 


SECTION   33 

ASPHALT 
CONCRETE 


SECTION   33 


OUTER  WHEEL  TRACK 


J 


01234  1234567 

movement  of  depth  plugs  from  o-o  line  as  indicated  -  inches 

Figure  7. —  Displacement  of  Mixtures  at  Various  Depths 
Below  Surface  of  Pavement. 

percentages  used  in  mixtures  4  and  9.  These  two 
mixtures  were  so  unstable  as  to  indicate  a  critical  per- 
centage somewhere  between  12.0  percent  and  12.(3  per- 
cent with  the  fine  sand,  and  between  9.0  percent  and 
11.1  percent  with  the  coarse  sand.  The  rnedium-sand 
mixtures,  numbers  11  to  15,  exhibit  the  same  tenden- 
cies, but  for  some  reason  the  aggregate  of  mixture  13 
proved  to  contain  more  than  the  intended  percentage 
of  fine  material  passing  the  no.  200  sieve  and  its  be- 
havior is  somewhat  out  of  line.  It  is  more  than 
probable  that  the  high  percentage  of  material  in  this 
mixture  passing  the  no.  200  sieve  results  from  a  rela- 
tively high  silt  content,  of  the  sand  stock,  as  those  mix- 
tures prepared  immediately  preceding  it  (numbers  21 
and  24)  exhibit  similar  compositions.  The  slightly 
greater  stability  of  mixture  no.  13  as  compared  with 
ii".  12  must  therefore  be  attributed  to  more  favorable 
characteristics  of  its  aggregate.  Results  obtained  in 
these  three  groups  indicate  that,  if  properly  proportioned, 
satisfactory  sheet  asphalt  mixtures  can  be  prepared 
with  either  fine,  medium  or  coarse  graded  sand. 

-Mixtures  16  to  19  and  including  mixture  13  were 
intended  to  develop  the  effects  of  variations  in  the 
amount  of  filler,  the  percentage  of  bitumen  being  held 
constant.  Analyses  of  the  mixtures  do  not  check  with 
the  plant  formulas  for  the  respective  mixtures,  not 
only  in  bitumen  content  but  in  the  percentage  of 
aggregate  passing  the  no.  200  sieve.  This  is  particu- 
larly noticeable  in  the  case  of  mixture  10  to  which  no 
dust  was  added.  The  material  passing  the  no.  200 
sieve  in  this  mixture  represents  silt  in  the  sand  supply  . 
Mixture  13  also  contained  3  percenl  to  4  percent  more 
material  passing  the  no.  200  sieve  than  should   hi 
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been  derived  from  die  amount  of  limestone  dust  which 
w  as  added  and  from  the  normal  sand  supply.  Although 
these  mixtures  proved  progressively  less  stable  as  the 
filler  was  increased,  the  variations  in  bitumen  content 
and  in  the  nature  of  the  filler  material  make  it  impos- 
sible to  attribute  the  difference  in  service  behavior  to 
increased  tiller  alone. 

Illustrating  this  point,  comparison  of  mixtures  num- 
bers 18  and  21  show  them  to  he  almost  identical  in 
bitumen  content  and  in  aggregate  gradation,  although 
it  is  known  that  considerably  more  of  the  Idler  material 
of  mixture  21  is  silt  than  is  the  case  in  mix  In  re  Is. 
Although  containing  bitumen  of  somewhat  softer  con- 
sistency, mixture  21  seems  to  have  been  the  less  <■< im- 
pressible and  was  certainly  the  more  stable  of  the  two 
mixtures.  In  this  series  it  is  true  that  increased  per- 
centages of  the  limestone  dust  filler  accompanied  by 
increased  bitumen  resulted  in  decreased  resistance  to 
traffic  displacement.  However,  it  is  apparent  that  the 
nature  and  characteristics  of  the  filler  material  have 
an  effect  on  the  behavior  of  the  mixture.  It  will  he 
shown  later  that  voids  in  the  mixture  and  in  the  ag- 
gregates are  significant  functions  which  are  dependent 
upon  interrelationships  between  the  sand,  filler,  and 
bitumen.  Therefore  a  general  conclusion  to  the  effect 
that  increased  filler  is  likely  to  cause  instabilitv  is  not 
justified,  for  the  most  desirable  percentage  "can  be 
determined  only  by  studies  of  the  several  constituent 
materials  in  various  combinations. 

Asphalts  similar  in  all  characteristics  except  degree 
of  hardness  were  used  in  mixtures  13  and  20  to  23. 
Here  again  the  effects  of  the  controlled  variable  are 
obscured  by  lack  of  uniformity  in  other  characteristics. 
The  aggregate  composition  of  mixtures  20,  13,  and  21 
are  closely  similar.  These  mixtures  contain  asphalts 
of  31,  42,  and  55  penetration  respectively  and  the  mix- 
tures may  be  properly  compared  with  regard  to  tin- 
variable.  Between  sections  20  and  21,  containing  as- 
phalt varying  in  penetration  by  24  points,  no  marked 
difference  in  performance  was  evident.  Both  section- 
behaved  excellently.  Mixture  13  displaced  slight  lv 
although  its  bitumen  was  harder  than  that  in  section 
21.  Its  slightly  greater  richness  as  well  as  the  presence 
of  an  extremely  plastic  mixture  adjacent  to  it  probably 
explains  the  small  difference  in  behavior.  Mixtures  22 
and  23  displaced  somewhat  more  than  those  just  dis- 
cussed. Comparing  mixture  22  with  mixture  20  it  is 
found  that  they  differ  only  in  percentages  of  particles 
passing  the  no.  200  sieve  and  in  penetration  of  asphalt. 
The  same  is  true  of  mixtures  23  and  13. 

In  spite  of  the  slight  variations  in  the  bitumen  and 
filler  contents  of  the  mixtures  in  this  series  and  the  lack 
of  a  consistent  relationship  between  consistency  of  as- 
phalt and  displacement  of  the  mixture,  the  much 
greater  displacements  in  sections  22  and  23  are,  un- 
doubtedly due  to  the  higher  penetrations  of  the  as- 
phalts used  in  these  sections.  A-  compared  with  the 
material  used  in  section  21,  the  asphalts  in  sections  22 
and  23  had  penetrations  at  25°  ('.  (77  F.)  higher  by 
only  S  and  17  points,  respectively.  However,  at 
16.1°  C.  (115°  F.)  the  asphalt  in  section  21  had  a  pen- 
etration of  234  while  the  asphalt-  in  sections  22  and  23 
were  too  soft  to  test  under  standard  condition-  at  this 
temperature.  None  of  these  sections  displaced  under 
traffic  until  the  air  temperatures  became  quite  high 
and  the  pavement  temperatures  much  higher.  The 
greater  movements  in  section-  22  and  23,  therefore, 
mav    be    attributed    direct  lv    to    the    softening   of    the 
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asphalt  to  a  greater  extent  under  the  summer  heat, 
resulting  in  mixtures  less  resistant  to  the  action  of 
traffic,  than  was  the  ease  with  asphalts  which  were 
but  slightly  harder  as  measured  by  the  penetration  at 
25°  C.  (77b  F.). 

DISINTEGRATION  OBSERVED  ON  BLOWN  ASPHALT  SECTIONS 

The  sections  containing  the  blown  asphalts  (mixtures 
24  to  28)  behaved,  as  far  as  displacement  is  concerned, 
very  much  as  did  those  sections  containing  steam 
refined  asphalts.  The  influence  of  the  lower  percentage 
of  bitumen  and  possibly  that  of  the  higher  content  of 
material  passing  the  no.  200  sieve  in  promoting  stabil- 
ity are  apparent.  The  softer  asphalts  may  be  a  little 
less  effective  in  resisting  displacement,  although  the 
virtually  identical  behavior  of  sections  no.  26  and 
no.  28  with  asphalts  of  59  and  SI  penetration  respec- 
tively, indicate  that  the  hardness  of  the  binder  is 
certainly  not  the  most  potent  factor  affecting  stability. 

The  mixtures  containing  blown  asphalt  showed  an 
unexpected  tendency  to  disintegrate  under  traffic  and 
this  tendency  was  confined  solely  to  these  mixtures. 
Disintegration  was  most  marked  in  section  25,  where 
the  binder  became  brown  and  lifeless;  the  mixture 
crumbled,  and  wore  down  to  the  foundation  as  the 
test  progressed.  It  is  perhaps  significant  that  the 
asphalt  of  this  mixture  had  the  lowest  ductility,  13.5 
cm,  of  any  of  the  group.  Section  24  showed  slight. 
indication  of  deterioration  in  a  single  small  crack,  but 
the  other  three  of  the  group  were  beginning  to  show 
distress  when  the  test  was  terminated. 

The  mixtures  of  this  group  were  apparently  not 
compacted  to  the  degree  to  which  they  were  susceptible. 
Although  this  may  have  rendered  them  liable  to  some 
displacement,  the  fact  remains  that  perfectly  stable 
sections  in  other  groups  were  constructed  with  equally 
high  voids.  The  outstanding  indication  is  that  only 
the  blown  asphalt  mixtures  showed  deterioration 
through  loss  of  binding  power  of  the  asphalt. 

It  is  obvious  that  each  of  these  groups  of  sheet 
asphalt  mixtures  had  a  certain  resistance  to  displace- 
ment, which  apparently  depended  to  a  great  extent 
upon  the  amount  of  bitumen  present.  The  limit  of 
resistance  was  reached  sooner  on  some  sections  than 
on  others.  The  same  medium  sand  combined  with 
similar  percentages  of  filler  has  long  been  used  in  the 
construction  of  Washington  streets,  and  has  success- 
fully carried  from  10.5  percent  to  11.5  percent  by 
weight  of  bitumen,  which  indicates  the  unusually  severe 
conditions  of  these  tests. 

AGGREGATE  VOIDS  DETERMINED  BY   VARIOUS  METHODS 

The  voids  in  the  compacted  mineral  aggregate  are 
considered  by  many  to  exert  a  controlling  effect  on 
mixture  design.  A  considerable  investigation  was 
conducted,  therefore,  on  the  aggregate  voids  of  these 
mixtures  and  the  degree  to  which  they  were  filled  with 
bitumen.  Determinations  of  aggregate  voids  were 
made  in  four  different  ways,  as  follows: 

(f)  By  computation  based  on  test  results  from  cores 
taken  from  the  various  sections  and  representing  the 
compression  received  by  each  mixture  in  construction. 

(2)  By  direct  determination  using  the  cone  method  :( 
on  samples  of  aggregates  extracted  from  the  mixtures. 

2  A  small  metal  tone  of  approximately  180  cc  capacity  was  filled  with  the  aggri 
in  four  equal  increments.  After  each  addition  of  aggregate,  the  cone  was  beaten  for 
5  minutes  on  a  brass  plate  mounted  on  a  rigid  base.  After  the  last  increment  was 
added,  beating  was  continued  until  no  decrease  in  volume  could  be  obtained.  Per- 
centage of  voids  is  computed  from  weight  of  the  known  volume  of  aggregate  contained 
in  the  cone  and  the  specific  gravity  of  the  aggregate. 


(3)  By  direct  determination,  using  small  cylinders 
in  the  vibrator  developed  by  the  Bureau  of  Public 
Roads  4  for  this  work,  on  samples  of  aggregates  ex- 
tracted from  the  mixtures. 

(4)  By  computations  using  laboratory  determina- 
tions on  compressed  specimens  prepared  by  the  method 
of  tamping  and  compression  prescribed  for  the  Hub- 
bard-Field stability  test.5 

Figure  8  and  table  6  show  the  percentages  of  voids 
in  the  aggregates  of  the  various  mixtures  as  determined 
by  these  four  methods.  It  will  be  noted  that  compac- 
tion by  the  Hubbard-Field  method  nearly  always 
results  in  the  lowest  voids  in  the  aggregate.  There  are 
a  few  exceptions  to  this  where  sufficient  bitumen  w-as 
present  to  prevent  ultimate  compaction  of  the  aggre- 
gate particles.  The  use  of  the  vibrator  resulted  in 
percentages  of  aggregate  voids  which  were  generally 
higher  than  those  obtained  by  the  Hubbard-Field 
method,  and,  in  general,  lower  than  those  found  by  the 
cone  method  or  in  the  pavement  as  actually  compressed. 
The  compaction  obtained  by  the  vibrator  method  was 
sufficient  to  wedge  the  aggregate  particles  tightly  in  the 
container  and  they  had  to  be  loosened  by  a  pointed 
metal  rod  in  removing. 
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Figure  8. — Voids   in    Aggregates    of    Sheet-Asphalt    Mix- 
tures as  Determined  by  Four  Methods. 


*  Researches  on  Bituminous  Paving  Mixtures,  Public  Roads,  vol.  7,  no  10,  Decem- 
ber 1926, p.  205. 

5  The  material  for  molding  the  Uubbard-Filed  specimens  is  first  heated  indirectly 
by  means  of  an  oil  bath  in  order  to  prevent  overheating,  to  the  molding  temperature 
of  250°  F.  The  amount  necessary  to  form  a  compacted  specimen  one  inch  high  is 
then  placed  in  the  warmed  cylinder  and  given  60  blows  with  the  blade  tamper  and 
15  blows  with  the  blunt  tamper.  The  cylinder  containing  the  tamped  material  is 
then  placed  in  a  suitable  container,  the  plunger  inserted  and  placed  under  the  head 
of  the  Hubbard-Field  machine  and  pressure  of  3,000  pounds  per  square  inch  is  applied . 
Water  is  then  poured  in  the  container  and  around  the  cylinder  in  order  to  cool  the 
specimen,  maintaining  the  pressure  while  cooling.  After  remaining  under  pressure 
in  water  for  5  minutes  the  sample  is  removed  from  the  mold,  specific  gravity  deter- 
mined by  displacement  method  and  percentage  of  aggregate  voids  computed. 

The  following  formula  is  used: 

MS 

Percentage  of  voids  in  aggregate  of  compacted  mixture=100 t- 

where  .\f=density  of  compacted  specimen. 

N  =  percentage  by  weight  of  aggregate  in  mixture, 
i    specific  gravit  j  of  aggregate. 
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Table  6.-     Voids  in  aggregates  of  sheet-asphalt  mixtures  and  degrci 
to  which  voids  were  filled  with  bitumen 


Pereentagi  ol 


Percentage  of  aggregate  \  oids  filled 
with  bitumen,  assuming  mix- 
tures compacted  to  densil  ies  cm 
responding  to  \  oids  of  column! 

i  to  i 


M  ixture  or 


Com- 


puted 


8 

9 

10 

11 

12 

13 

14 

15 .... 

16  - 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28. 


Perci  m 
31.0 

31  7 
31.0 
31.4 
31.9 
26  3 
28. :: 

26  0 

!6    v 

.'7   6 

:«).  7 
29  3 

27  7 
3L3 

28  i 

32.  1 

32  9 
27.5 
26.3 
31.2 
29.  4 

29  I 
30.4 
30.5 
31.8 
34.  5 
34.  9 

33.  9 


Cone 
method 


Perci  hi 
33. 6 
32.  7 
32.  6 
32.9 
32.  3 
.'7.  3 
27.2 

25.  3 

26.  6 
26.  3 
32.  2 
32.  8 
32  I 
32.  2 
32.  3 
36  n 
35  8 
31.6 
28.  9 
33.2 
31.9 
30.7 
31.8 
32.  6 
31.7 
31.8 
31.5 
31  3 


Vibra- 

tor 

method 

Perce  id 

30  0 

29.  3 

29  2 

27.  ,r> 

2S     1 

21.0 

21.8 

20.  9 

22.  5 

22.2 

28.  6 

28  8 

28.  2 

28.  9 

27.  5 

30  - 

30.2 

27.  II 

24.  0 

28.  1 

28.  S 

28  8 

28.0 

28.  1 

28.0 

27.0 

27  7 

28.0 

Com- 
puted 
foi  re 
com- 
mixture 


Perci  ni 
28  l 

27.  1 

28.  I 

28.  I 

29,  7 
21.2 
21.5 
21.3 

24  5 

25.  7 

26.  f. 

25  7 
25   1 

26.  1 

27.  0 

28.  7 
27.  'J 
24.  4 

24.  3 
26.  2 
25  9 

25.  2 
25  7 
26.0 

26.  7 
25.0 
25.  (I 
25.  I 


Com- 
puted     Cone 
fortrack  method 
cores 


\  ibm 
tor 

nii-i  in 


Perci  nl 
64  2 
66  B 
76,  8 
80.  3 
87.  1 
i,i  i, 
61.5 
71.5 
86  '.i 
92.  4 
51.2 
68.  3 
76.  5 
72.  2 
91.  I 
57  3 
56,  2 
75.7 
87.  8 
58.  9 
68.  3 
67.  l 
68  1 
65.  2 
60.  7 
5!   s 

51.6 


IU  ici  ill 
57.  1 
63.  'J 
71.2 
74.8 
- 
5S   2 

65.  0 
74.3 
88  ii 
us.  8 
17.8 
57. 1) 
(51.  1 
69.  6 
74.8 
is.  1 
49.  5 
Ii2.  7 
77.5 

60.  5 
62.  2 
64  2 
511,  2 
111.  5 
62.  3 

66.  fi 
62.  3 


/'( III  III 

07.7 

75.  ii 

S3.  7 

96.  s 

104.8 

82.  1 

87.  2 

115  II 

109.7 

122.7 
56  s 
70.  3 
74.  5 
SI.  5 
94.0 
61.  1 
63  w 
78.  8 
99  ii 
711  ii 
70.  2 
68  1 
77.0 
71.2 
73.  2 
7s.  2 
SO.  3 
72.3 


Com- 
puted 
(in  re- 
com- 
prei  sed 
mixture 


l't  TCI  III 
72.  s 
81.2 
88.  I 
112.  6 
'.ii',. '.) 
81.4 
88.  1 
92  ii 
'.17.  s 
101.7 
ii2.  6 
81.6 
87  7 
'.12.  1 
'.«',.  1 
67  1 
71.3 
88.  '.i 
1C.  r, 
78.4 
81.2 
80.0 
86.  7 
si.  s 
78.  1 
86. 7 
112.  II 
S4.1 


The  cone  method  of  determination  gave 
voids  which  were  generally  higher  than  actually  existed 
in  the  pavement.  Some  of  the  coarse-sand  mixtures 
and  some  of  those  laid  with  the  blown  asphalts  were 
exceptions.  This  reversal  of  the  general  tendency 
may  indicate  the  relative  incompressibility  of  these 
mixtures,  although,  in  the  case  of  the  coarse-sand  mix- 
tures at  least,  it  is  more  likely  that  they  did  not  receive 
sufficient  rolling. 

TESTS  SHOW   A  RELATION  BETWEEN  AGGREGATE  VOIDS.  PERCENT. 
AGE  OK  BITUMEN   AM)  STABILITY 

The  percentages  of  voids  as  determined  by  the 
various  methods  show  the  influence  of  gradation.  The 
coarse  group  is  characteristically  low  in  voids.  The 
variable  filler  series  illustrates  how  aggregate  density 
may  be  increased  by  the  addition  of  dust.  None  of 
the  laboratory  methods  uniformly  reproduces  the  con- 
dition attained  in  the  field. 

Figure  9  shows  the  percentages  to  which  the  aggre- 
gate voids  would  be  filled  with  bitumen  were  the 
several  mixtures  compressed  to  the  degree  correspond- 
ing to  the  aggregate  voids  determined  by  the  various 
methods  and  shown  in  Figure  8.  The  data  from  which 
this  chart  is  derived  arc  given  in  Table  6.  It  appears 
that  the  fine-sand  mixtures,  as  compacted  in  the  test 
sections  remain  stable  with  approximately  77  percent 
of  the  aggregate  voids  filled  with  bitumen.  The 
coarse-sand  group  seemed  able  to  carry  bitumen  up  to 
about  75  percent  of  the  aggregate  voids.  Due  prob- 
ably to  variations  in  sand  supply,  the  behavior  of  the 
medium-sand  mixtures  was  somewhat  more  erratic,  due 
probably  to  variations  in  sand  supply.  Possibly  a  per- 
centage of  bitumen  equivalent  to  70  percent  of  the 
aggregate  voids  is  about  the  maximum  for  stable  mix- 
tures and  this  maximum  is  dependent  on  the  presence 
of  approximately  12  or  13  percent  of  material  passing 
the  No.  200  sieve.  There  tire  indications  that  higher 
dust  contents,  such   as  in   mixtures   13   and    18,   which 


' 


ELD  Ml  TIKiW 


40  L 
500 


400 


200 


I 


! 

2  3  4  5  6  7 


9  10  II  12  13  14  15  16  17  13  18  19  20  13  21  22  23  24  25  26  27  28 

MIX 
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decrease  the  size  as  well  as  the  volume  of  aggregate 
voids,  will  permit  a  somewhat  greater  percentage  of 
voids  to  be  filled  with  bitumen. 

If  other  methods  of  void  determination  are  used  the 
results  may  be  different  and.  the  ratio  of  voids  to 
volume  of  bitumen  will  be  changed.  If  voids  in  the 
aggregate  are  taken  to  be  those  determined  by  the 
com1  method,  the  degree  to  which  the  voids  may  be 
safely  filled  will  be  lower  than  that  given  in  the  pre- 
ceding paragraph.  Conversely,  a  greater  percentage 
may  lie  used  on  the  basis  of  the  lower  voids  determined 
by  the  vibrator  method  or  the  Hubbard-Field  com- 
pression mixture  method.  Probably  the  greatest 
possible  density  of  mixture  is  attained  by  the  latter 
method  and  it  is  interesting  to  note  that  only  the  ex- 
tremely low-void  aggregates  of  the  coarse-sand  series 
carried,  with  satisfactory  results,  tin  amount  of  bitumen 
greater  than  90  percent  of  the  aggregate  voids  as  com- 
puted by  the  Hubbard-Field  method. 

STABILITY  OK  TEST  SECTIONS  COMPARED  WITH   RESULTS  OK 
LABORATORY  STABILITY   TESTS 

Table  7  and  figure  10  show  comparisons  of  the  ob- 
served field  stabilities,  the  stabilities  as  determined  by 
the  Hubbard-Field  method  upon  recompressed  speci- 
mens, and  approximations  of  Hubbard-Field  stabilities 

of  the  mixtures  at  the  densities  of  the  sections  as 
constructed.     These  approximations  were  made  as  in- 
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Figure  10. — Comparison  of  Stability  and   Voids   of  Sheet 
Asphalt  Mixtures. 

(heated  in  figure  11  by  interpolating  for  the  determined 
void  content  of  pavement  cores  between  results  ob- 
tained in  the  Hubbard-Field  test  upon  recompressed 
laboratory  specimens  and  specimens  taken  from  the 
upper  1  inch  of  removed  pavement  slabs.  There  is 
excellent  agreement  between  displacement  of  test  sec- 
tions and  the  results  of  stability  tests  in  the  laboratory 
for  the  fine-sand  and  coarse-sand  mixtures.  The  results 
indicate  that  a  Hubbard-Field  stability  of  over  3,000 
pounds  for  laboratory  compressed  specimens  is  neces- 
sary to  withstand  the  type  of  traffic  to  which  these 
mixtures  were  subjected.  At  the  densities  to  which 
the  mixtures  were  compressed  in  the  pavement  a  sta- 
bility of  about  2,000  is  required. 

The  medium-sand  mixtures  gave  decidedly  less 
consistent  agreement  in  results.  All  mixtures  with  a 
stability  of  4,500  or  more  for  laboratory  compressed 
specimens  gave  reasonably  good  service.  It  will  be 
noted  that  decidedly  inferior  mixtures  such  as  numbers 
14  and  15  have  stabilities  in  laboratory  tests  approx- 
imately equal  to  that  of  the  satisfactory  mixture 
number  8.  The  soft-blown-asphalt  mixtures,  num- 
bers 26,  27,  and  28,  also  gave  fairly  high  stability 
in     laboratory    tests.     These    mixtures    were    poorly 


Table   7. — Comparison   of  stability   and   voids    in   sheet   asphalt 

mixtures 


Stability 

Voids  in 

mixture 

Rank  according  to — 

Mixture  or  sec- 
tion number 

CM 

o 

a 

co 

c3  co 
Cco 

■5 

o 

a 

o 
o 
<&~ 
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°   © 
CO 

2  — 

r*H    CO 
X}  tr. 
u.  00 

£>    — 

•8g 
Su 

a'S 

°-s 

11* 

O  to 
"°  GQ 
~S  Q.-S 

■p  3.2 
03  •£  o 

u 

Pounds 
3,800 
2,600 
2,200 
1,500 
1,250 
3,850 
2,700 
2,500 
1,700 
1,650 
3,450 
3,700 
3,700 
2,400 
3,200 
3,750 
2,525 
3,700 
3,900 
2,175 
3,400 
3,700 
3,425 
1,875 
2,175 
3,400 
2, 175 
2,000 
1,675 
1,800 

a 

M 
03 

w  +■* 

a>  a 

§1 

.   > 

Is 

c. 

a 
0 
0 

I** 

S     S 
•2     — 

0,0  — 

as.- 

0 

i 

C3 

>, 

,0 

a 
0 

a 

CO 
CO 
03 

C. 

3 

<X>   CO 

-*■»  a 

■73   CD 

T3  P. 

li 

^2 

£a 
sS 

CO  0 

«•-  >» 
S  073 

. — .  _  a; 

.a  2"o 

■°  2  2 

■§Ss 

m.a§ 

co  O  H 
« 

1 

Inches 

1.4 

4.0 

2.7 

199.  8 

311.2 

1.6 

8.3 

23.4 

379.0 

448.9 

6.7 

56.1 

32.8 

137.  6 

267.4 

7.1 

15.6 

32.8 

46.9 

140.8 

2.8 

32.8 

5.1 

109.0 

71.1 

28.1 

48.4 

82.9 

244.2 

87.0 

Pounds 
5,008 
5, 019 
3,986 

2,  445 
1,638 
6,269 
5,  372 

3,  741 
2,355 
1,697 
5,244 
5,044 

4,  824 
3,723 
3,759 
4,687 
4,466 
4,824 
4,908 
3,376 
5,849 
4,824 
5,136 
3,619 
4,676 
5,047 
3,955 
3,936 
4,050 
4.  172 

Percent 
11.0 
10.7 
7.  2 
6.  2 
4.0 
10.2 
11.0 
7.4 
3.5 
2.1 
15.1 
9.3 
6.5 
8.7 
2.4 
13.6 
14.4 
6.5 
6.5 
3.1 
13.2 
6.5 
9.4 
9.6 
9.5 
10.6 
12.8 
15.6 
14.9 
15.9 

Percent 
7.7 
5.2 
3.2 
2.2 
1.1 
4.0 
2.  fi 
1.6 
.6 
.  1 
10.0 
4.8 
3.1 
2.1 
1.0 
9.4 
8.0 
3.1 
2.7 
.7 
5.7 
3.1 
5.5 
4.6 
3.5 
4.8 
5.9 
3.3 
2.0 
3.9 

1 
5 
3 

23 
26 

2 

9 
11 
27 
28 

7 
16 
13 
21 
25 

8 
10 
13 
14 
22 

4 
13 

6 

20 
17 
12 
15 
18 
24 
19 

9 

8 

17 

25 

28 

1 

3 

21 

26 
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4 
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11 
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11 
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11 
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6 

18 

19 

16 

14 

3 
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28 
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12 
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y 
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10 . 
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12.. 

6 

13 

5 

14 

16 

15 

11 

16 

4 

17 

14 

13 

5 

18 

1 

19 

19 

20 

8 

13 

5 

21 

10 

22 

22 

23 

20 

24 

9 

25 

18 

26 

21 

27 

26 

28_ 

23 

1  Averaged  from  movement  of  50  screws  in  two  lines.    In  some  cases  results  are 
approximate  as  a  result  of  disintegration. 

2  Average  of  3  specimens. 

compacted  in  the  field  test  and  their  estimated  stability 
based  on  field  voids  is  more  in  line  with  their  field 
performance. 

The  voids  in  the  mixtures  (table  7  and  fig.  10)  both 
as  laid  and  after  laboratory  recompression,  are  of  in- 
terest in  connection  with  the  stabilities.  In  each 
group  of  mixtures,  the  highest  voids  of  recompressed 
specimens  are  in  mixtures  having  the  greatest  stabilities 
both  in  the  Hubbard-Field  test  and  under  traffic. 

Those  mixtures  which  because  of  high  bitumen  con- 
tent readily  compacted  to  produce  pavements  having 
the  lowest  voids  proved  the  least  stable  under  traffic 
even  though,  as  in  the  case  of  mixtures  14,  15,  and  27, 
the  Hubbard-Field  stability  test  indicated  good  strengh. 
In  general,  it  may  be  said  that  those  mixtures,  which, 
because  of  the  high  bitumen  content  were  compressible 
by  the  indicated  method  to  2  percent  or  less  of  voids, 
were  virtually  certain  to  displace  under  the  traffic  used 
in  t  liese  tests. 

Mixture  8  may  appear  to  be  an  exception  to  this 
statement,  but  it  will  be  remembered  that  the  aggre- 
gate of  this  group  had  low  voids  and  the  lower  voids 
of  the  compressed  mixtures  do  riot  represent  greater 
density  obtained  by  dangerously  increased  bitumen 
content. 

The  blown-asphalt  group  presents  another  phase  of 
the  density  and  stability  relationship.  As  a  result  of 
inadequate  rolling  the  voids  in  the  pavement  were 
high.  Instead  of  behaving  as  did  high-void  mixtures 
in  other  groups,  mixtures  20  and  28  were  relatively 
unstable,  reflecting  to  some  extent  perhaps  the  softer 
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Figure  11. — Curves  Showing  Relation  Between  Voids  in  Specimen  and  Hubbard-Field  Stability  as  Determined  ox 
Recompressed  Specimens  and  on  Specimens  Taken  from  Top  Inch  of  Pavement.  The  Large  Dot  on  Each  Curve 
Corresponds  to  the  Percentage  of  Voids  in  the  Pavement  as  Constructed.  Different  Symbols  are  Used  to 
Represent  Points  Pertaining  to  Different  Mixtures. 


bitumen  which  they  contained,  but  more  probably  due 
to  their  susceptibility  to  compression  to  approximately 
the  danger  line  of  voids  for  their  respective  aggregates. 
Mixture  27  had  a  harder  bitumen  than  mixture  28  and 
high  voids  as  laid  in  the  pavement.  This  mixture 
proved  very  unstable  in  laboratory  lests  after  being 
compressed  to  2.0  percent  voids. 

In  this  discussion  of  asphalt  mixtures  onl\  stability 
or  resistance  to  displacement  has  been  considered.  In 
reviewing  this  work  and  the  results,  it  should  be 
remembered  that  unusually  severe  conditions  of  traffic 
were  imposed.     The  smooth  base  offered   no   keying 


action  and  the  test  was  conducted  during  the  hottesl 
periods  of  the  year  when  faults  in  proportioning  are 
most  likely  to  be  developed. 

ASPHALTIC  CONCRETE  MIXTURES  DISCI  SSED 

In  the  earlier  stability  experiments  with  asphaltic 
concrete,  those  mixtures  which  contained  approximately 
equal  parts  of  coarse  aggregate  (retained  on  the  no.  Id 
sieve)  and  fine  aggregate  (passing  the  no.  10  sieve)  were 
very  resistant  to  traffic  displacement,  five  asphaltic 
concrete  sections  of  the  second  scries  of  tests  were 
patterned  after  these  highly  successful  mixtures.     All 
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were  pin nned  to  be  of  the  same  aggregate  composition 
with  the  bitumen  content  as  the  only  intended  variable. 

A  clean  hard  limestone  was  used  as  the  coarse  aggre- 
gate. The  sand  and  filler  were  the  same  as  used  in  all 
of  the  sheet-asphalt  sections  except  mixtures  1  to  10 
inclusive.  The  asphalt  cement,  the  analysis  of  which 
is  given  in  table  4,  had  a  penetration  of  42.  At  the 
plant  mixture  29  appeared  to  be  extremely  lean. 
Mixture  32  was  so  rich  that  it  ilowed  freely  and  formed 
a  uniform  layer  over  the  bottom  of  the  truck,  giving 
rise  to  the  suspicion  that  it  would  prove  unstable  under 
traffic.  Instead  of  using  a  still  higher  percentage  of 
bitumen  in  mixture  33  as  scheduled,  a  bitumen  content 
between  that  of  mixtures  31  and  32  was  adopted. 

Table  8  shows  the  plant  formulas  with  which  the 
asphalt ic  concretes  were  prepared,  the  analyses  of  large 
samples  taken  at  the  paving  plant,  their  stabilities  in 
the  pavement  as  determined  by  the  displacement,  of 
the  reference  screws,  and  laboratory  determinations 
of  stability  with  the  roller  stability  machine.6  No 
asphaltic-concrete  section  was  displaced  to  an  extreme 
degree.  The  maximum  movement  of  a  single  reference 
screw  in  section  33,  the  least  stable  of  the  group,  was 
3.6  inches. 

Table  9  shows  the  theoretical  and  actual  specific 
gravities  of  the  several  mixtures,  the  calculated  voids  in 
the  pavements  and  in  the  aggregates,  and  the  extent  to 
which  the  voids  in  the  aggregates  were  filled  with  bitu- 
men. It  was  recognized  that  small  plugs  as  punched 
from  the  sheet  asphalt  sections  would  not  be  suitable 
for  determining  the  density  of  the  coarse-graded  niix- 
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tures  as  laid  in  the  pavement.  Therefore,  after  the 
entire  test  was  completed,  a  number  of  slabs,  approxi- 
mately 24  inches  square,  were  chopped  from  each 
section.  In  general,  eight  slabs  were  taken  from  each 
section  from  areas  over  which  the  traffic  had  not  passed, 
and  the  average  of  their  specific  gravities  is  regarded  as 
the  original  density  of  the  pavement  section.  Two 
slabs  were  taken  from  the.  wheel-track  area  and  their 
average  densities  gives  an  indication  of  the  increased 
compression  generally  resulting  from  the  64,000  pas- 
sages of  the  truck. 

The  photographs  of  the  asphaltic-concrete  sections  at 
the  completion  of  the  test,  and  the  data  in  table  8  show 
that  no  mixture  was  displaced  to  an  extreme  degree, 
despite  a  variation  in  bitumen  content  of  more  than  50 
percent  between  some  of  the  mixtures.  It  is  true  that 
mixtures  32  and  33  were  relatively  unstable,  reflecting 
the  effect  of  the  high  ratio  of  volume  of  bitumen  to 
volume  of  voids  in  the  aggregate.  Traffic  on  these  sec- 
tions during  high  summer  temperatures  produced  a 
virtual  absence  of  voids  in  the  area  under  traffic.  That 
a  greater  degree  of  instability  did  not  develop,  com- 
parable with  the  complete  failure  of  the  richest  sheet 
asphalt  mixtures  with  voids  practically  filled  with 
bitumen,  must  be  due  chiefly  to  the  inherent  rigidity 
of  the  interlocked  particles  of  coarse  aggregate. 

RESULTS  OF  ROLLER  TESTS  IN  AGREEMENT  WITH  PERFORMANCE 
OF  MIXTURES  IN  FIELD  TESTS 

Specimens  were  cut  from  the  large  field  samples  and 
tested  in  the  laboratory  on  the  roller  stability  machine.7 
This  machine  was  designed  to  reproduce  the  action  of 
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Table  S.^Composition,  analyses,  displacement  and  roller  stability  values  of  asphaltic-concrete  mixtures  of  second  series  of  stability  tests 


Plant  or  mixing  formul 
cent  by  weight 

i,  per- 

A 

01  plant  sample,  passing  and  retained  on  next  smaller  size,  percent  a 

;es  by 

weight 
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Roller 
stabil- 
ity, 
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Sect  ion 

Maxi- 

or mix 

mum 

Move- 

:. 

Bitu- 
men 

.-i  l 

Oust 

Sand 

Stone 

Bitu- 
men 

\\'a 
inches 

1 

inch 

inch 

i  , 

inch 

inch 

No. 
10 

No. 
20 

No. 

30 

No 

40 

No. 
50 

No. 

Ml 

No. 
100 

No. 
200 

move- 
ment 
of  single 

inches 

ment 

of  25 

screws, 

incites ' 

of  pas- 
sages 

29. 

3.  5 

43.7 

47.7 

4.8 

0.0 

14.6 

17.0 

S.  6 

3.0 

3.3 

4.3 

3.4 

s.  2 

12.0 

6.8 

8.5 

5.5 

0.2 

0.8 

355 

30 

6.0 

3.4 

43.  2 

47.4 

5.8 

4.7 

12.7 

16.1 

10.4 

4.8 

3.0 

4.0 

3.0 

6.6 

9.2 

5.2 

8.6 

5.  9 

.1 

.  5 

297 

31 

7.  1 

3.4 

12  8 

46.  7 

7.1 

3.6 

'a.  6 

11.7 

10.9 

5.7 

3.7 

■1.5 

3.  1 

7.2 

10.5 

6.2 

9.1 

6.8 

1.2 

5.1 

244 

32__ 

8.  1 

3.3 

42.  3 

46.  3 

7.6 

1.3 

10.0 

13.9 

111.'.) 

5.  (. 

4.5 

1.6 

3.3 

6.  9 

s.  7 

6.1 

7.6 

(i.  0 

2.9 

21.1 

88 

.. 

7.6 

3.4 

42.5 

16,  5 

7.3 

2.  7 

11.  s 

16.1 

a  1 

7.0 

l.s 

5.0 

3.3 

0.5 

8.4 

4.8 

6.5 

6.7 

3.3 

21.  5 

99 

r,  8 

26  1 

33  2 

11.  li 

8.0 

9    I 

6  7 

1  4.  6 

20.1 

11.9 

lit.  G 

12.8 

Averaged  from  movement  of  50  screws  in  2  lines. 

Table  9. — Density  and  voids  of  asphalt/,   concrete  mixtures  in  traveled  and  untraveled  areas 
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imum specific 
gravity 
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traffic 
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traffic 
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jected 
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No 
traffic 

Sub- 
jected 

to 
traffic 

No 
traffic 

Sub- 
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29 

2.  190 
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2.417 
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.6 
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.2 
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97.2 

Percent 
59.2 
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32 

33 

96.6 
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98.9 
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traffic  over  a  pavement  surface,  it  consists  essentially 
of  a  series  of  11  steel  cylinders  or  rollers,  4  inches  in 
diameter  and  3  inches  long,  mounted  between  and  near 
the  peripheries  of  two  confining  steel  disks,  which  in 
turn  are  rotated  by  a  motor.  Beneath  the  rollers  is  a 
tank  of  water  maintained  at  a  temperature  of  60  C 
by  an  electric  heater,  and  in  which  the  specimen  to  be 
tested  is  placed.  This  bath  is  supported  on  4  cams 
which  rotate,  raising  and  lowering  the  bath  to  com- 
pensate for  the  vertical  component  of  the  arc  described 
by  the  roller  in  passing  over  the  specimen,  thereby 
eliminating  impact. 

The  specimen  is  supported  in  a  testing  mold  having 
one  end  and  the  top  surface  open.  Rotation  of  the 
rollers  is  induced  as  they  pass  over  the  top  surface  of  t  he 
specimen,  tending  to  deform  it  longitudinally  through 
tlif  open  end  of  the  mold.  The  deformation  is  meas- 
ured with  an  Ames  dial.  A  trip  indicator  records  the 
number  of  rolls  passing  over  the  specimen.  The  total 
weight  of  the  bank  of  rollers  is  450  pounds,  giving  a 
load  of  150  pounds  per  inch  width  of  roller  as  they  pass 
over  the  specimen. 

To  prevent  upward  deformation  at  the  sides  of  the 
specimen,  a  small  section  of  angle-iron  is  clamped  over 
its  edges,  extending  %  inch  over  the  top  at  either  side, 
leaving  a  3-inch  open  surface  over  which  the  rollers 
pass.  The  specimen  to  be  tested  is  brought  to  a  tem- 
perature of  60°  C.  and  is  placed  in  the  bath.  The 
revolving  rollers  are  lowered  in  contact  with  its  surface. 
Rolling  is  continued  until  0.3  niches  longitudinal  def- 
ormation has  taken  place.  The  number  of  rollers  pass- 
ing over  the  specimen  in  producing  this  deformation 
is  read  from  the  trip  indicator  and  recorded  as  the 
roller  stability  value  of  the  specimen.  Results  of  this 
test  were  in  general  agreement  with  the  service  behavior 
of  the  asphaltic-concrete  mixtures,  those  composing 
sections  32  and  33  deforming  far  more  readily  than  did 
those  which  had  more  successfully  resisted  the  truck 
traffic 

OBSERVATIONS  ON  SHEET  ASPHALT  MIXTURES 

1.  Equally  stable  sheet  asphalt  surface  mixtures 
were  laid  with  all  three  of  the  sands  used.  The  line 
and  coarse  sands  were  considerably  outside  the  grada- 
tion limits  of  the  usual  specifications. 

2.  The  effects  of  the  individual  characteristics  of  the 
constituent  materials  are  so  interrelated  that  in  design- 
ing a  sheet  asphalt  mixture  it  is  necessary  to  consider 
the  properties  of  various  combinations  of  the  materials. 

3.  The  voids  in  the  aggregate  are  of  decided  signifi- 
cance with  respect  to  the  amount  of  asphalt  which  the 
mixture  can  carry  satisfactorily. 

4.  Aggregate  voids  may  be  determined  by  a  number 
of  methods  but  all  of  the  several  methods  used  in  this 
investigation  gave  different  results.  The  most  satis- 
factory method  was  that  of  determination  on  com- 
pressed mixture  specimens,  prepared  as  for  the  Hubbard 
Field  stability  test,  in  general,  this  method  gave 
lower  voids  than  any  other  method. 

5.  No  mixture  having  the  voids  completely  filled 
with  bitumen  remained  stable  under  the  traffic  imposed 
in  these  tests.  In  general,  the  maximum  percentage  of 
bitumen  carried  bystable  mixtures  amounted  to  be- 
tween 85  percent  and  90  percent  of  the  aggregate  voids 
a- determined  for  1 1  ubbard-Field  stability  specimens. 

ti.  There    are   indications   that    mixtures   containing 
jregates  with   low    percentages  of  \oids  maj    carry 


amounts  of  bitumen  representing  somewhat  higher 
percentages  of  the  aggregate  voids.  No  mixture 
studied  gave  satisfactory  result-  where  the  aggregate 
voids  were  filled  in  excess  of  <»:!  percent. 

7.  Stable  mixtures  resulted  from  the  use  of  asphalts 
of  35  to  .").".  penetration.  Softer  steam-refined  asphalts 
of  G3  and  72  penetration  gave  somewhat  more  plastic 
mixtures,  although  hut  one  section  was  laid  with  each 
of  <  hese  consistencies. 

8.  The  few  sections  in  which  blown  asphalt  was  used 
were  unsatisfactory  due  to  the  deterioration  of  the 
asphalt  resulting  in  either  actual  or  incipient  disin- 
tegration of  the  pavement  mixtures. 

9.  During  construction  the  mixtures  probably  were 
not  compressed  to  the  maximum  possible  degree, 
although  in  general  those  which  showed  the  highest 
voids  in  the  pavement  were  also  the  least  compressible 
in  the  laboratory.  From  the  standpoint  of  stability, 
low  voids  in  the  compressed  mixture  appear  to  be 
undesirable  if  void  reduction  is  accomplished  by  the 
addition  of  bitumen  beyond  the  limits  defined  in  5  and 
G.  In  each  group  of  mixtures,  except  possibly  the 
blown  asphalt  series,  those  with  the  higher  percentages 
of  voids  were  the  more  stable.  This  is  further  evidence 
of  the  importance  of  voids  being  filled  with  asphalt  to 
the  propel'  degree. 

10.  Since  field  compression  is  relatively  nonuniform, 
i he  relative  compressibility  of  mixtures  can  best  be 
determined  in  the  laboratory  by  standard  test  methods. 

11.  In  general,  service  behavior  of  the  mixtures  was 
approximately  proportional  to  stability  values  deter- 
mined in  the  laboratory  by  the  Hubbard-Field  method. 
There  were  a  few  instances  in  which  laboratory  tests 
on  mixtures  found  to  be  plastic  in  field  tests  indicated 
stabilities  about  as  high  as  for  mixtures  found  to  be 
stable  under  traffic.  In  these  cases,  however,  the 
voids  in  specimens  compressed  in  the  laboratory  were 
dangerously  low. 

12.  Air  temperature  prevailing  during  the  daily 
traffic  periods  exerted  a  strong  influence  upon  the  be- 
havior of  the  mixtures.  With  average  air  tempera- 
tures lower  than  70°  F.  all  sections  were  stable.  At 
increased  temperatures  instability  first  became  evident 
in  those  sections  which  were  expected  to  prove  least 
stable. 

OBSERVATIONS  ON   ASPHALTIC-CONCRETE   MIXTURES 

14.  Asphaltic  concrete  mixtures  of  dense  graded 
aggregates  appear  well  able  to  resist  the  heavy  con- 
centrated traffic  imposed  in  these  tests.  The  mixtures 
of  the  second  series  were  outstandingly  successful. 
They  contained  approximately  equal  parts  of  coarse 
and  fine  aggregate. 

15.  The  limits  of  range  in  bitumen  content  which 
can  be  used  without  danger  of  extreme  displacement 
are  much  less  critical  with  the  dense-graded  asphaltic 
concretes  than  with  sheet   asphalt. 

1<>.  Although  it  is  recognized  that  asphaltic  concretes 
containing  well  over  60  percent  of  coarse  aggregate 
have  been  successfully  used  in  main  localities,  such 
mixtures  behaved  poorly  in  the  lirst  series  of  stability 
tests.  An  unintentional  enrichment  in  bitumen  caused 
by  penetration  of  the  seal  coat  was  probably  chiefly 
responsible  for  the  failures  which  occurred,  but  it  is 
believed  that  the  more  densely  graded  mixtures,  suc- 
cessfully  used   in   both   series  of   tests,   are   inherently 
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RELATIVE  VISCOSITIES  OF  LIQUID  ASPHAL- 
TIC  ROAD  MATERIALS  AT  VARIOUS  TEST 
TEMPERATURES 

By  J.  T.  PAULS,  Senior  Highway  Engineer,  and  R.  H.  LEWIS,  Associate  Chemist,  Division  of  Tests,  Bureau  of  Public  Roads. 


A  REVIEW  of  the  1931  State  specifications,  sub- 
mitted to  the  Bureau  of  Public  Roads  in  connec- 
tion with  the  cooperative  work  on  the  simplifica- 
tion of  tests  for  liquid  asphaltic  materials,  showed  that 
there  was  considerable  difference  of  opinion  as  to  the 
temperatures  at  which  viscosity  determinations  should 
be  made.  The  following  tabulation  shows  the  various 
temperatures  designated  for  the  test  and  the  number  of 
specifications  in  which  each  temperature  was  designated 


Designated 

Number  of 

temperature 

specifica- 

(°F.) 

tions 

77 

39 

104 

12 

122 

87 

HO 

10 

194 

2 

210 

1 

212 

7 

302 

1 

The  consistency  of  material  for  hot  application  was 
controlled  not  only  by  viscosities  at  the  higher  tem- 
peratures (194°  F.,  212°  F.,  and  302°  F.),  but  also  by 
the  float  test  at  90°  or  122°  F.  and,  in  some  cases,  by 
both  a  viscosity  and  a  float  test. 

WIDE    DIFFERENCES    OF    OPINION    EXPRESSED   AS    TO    TEMPERA- 
TURE FOR  VISCOSITY  TESTS 

At  regional  meetings  of  State  testing  engineers  for 
consideration  of  the  various  tests,  the  Saybolt-Furol 
method  of  viscosity  determination  was  adopted.  The 
temperatures  recommended  by  most  of  these  groups 
for  viscosity  tests  were  77°  F.,  122°  F.,  and  210°  F. 
There  were,  however,  some  who  favored  the  float  test 
at  122°  F.,  as  a  single  measure  of  consistencv  instead 
of  the  Furol  viscosity  test  at  210°  F. 

There  was  a  fairly  general  agreement  on  the  choice 
of  122°  F.  as  a  test  temperature  with  the  following 
exceptions: 

(a)  Two  States  voted  for  the  use  of  104°  F.  as  a  test 
temperature  instead  of  122°  F. 

(b)  Eight  States  of  the  Mississippi  Valley  region, 
although  they  did  not  vote  for  the  Furol  viscosity 
determinations  at  temperatures  other  than  77°  F., 
122°  F.,  and  210°  F.,  expressed  the  belief  that  some 
temperature  between  122°  F.  and  210°  F.  was  desirable. 

(c)  Seven  States  voted  for  the  use  of  140°  F.  as  a 
control  temperature  for  viscosities  in  addition  to  the 
three  temperatures  generally  accepted. 

The  1932  State  specifications  also  show  a  wide  differ- 
ence of  opinion  as  to  the  proper  temperature  to  be  used 
for  viscosity  determinations.  In  addition  to  the  tem- 
peratures already  listed,  there  have  been  specified  dur- 
ing 1932  two  others— 180°  F.  and  200°  F.  It  is  apparent 
that  there  is  considerable  doubt  as  to  the  sufficiency  of 
122°  F.  as  the  single  intermediate  temperature;  and 
there  is  a  question  as  to  whether  a  high-temperature 
viscosity  test  for  the  control  of  materials  for  hot  appli- 
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cation  could  not  be  discarded  for  some  other  consist- 
ency test. 

The  1931  specifications  gave  the  following  maximum 
viscosity  limits  as  determined  with  the  Saybolt-Furol 
apparatus: 


Tempera- 

.M.iximum 

time, 

seconds 

ture  (°F.) 

77 

480 

104 

436 

122 

1,200    1 

140 

260 

194 

440 

210 

180 

212 

320 

One  of  the  important  advantages  of  the  Furol  instru- 
ment over  the  Engler  is  the  shorter  time  required  to 
make  a  viscosity  determination.  This  time  advantage 
should  be  retained  by  the  selection  of  test  temperatures 
such  as  will  insure  accurate  determinations  in  a  reason- 
able time.  In  the  above  table  the  maximum  time  for 
the  test  at  122°  F.  is  much  greater  than  for  the  other 
temperatures.  The  maximum  time  of  1,200  seconds,  or 
20  minutes,  shows  the  extent  to  which  the  time  advan- 
tage of  the  Furol  instrument  may  be  lost. 

VISCOSITY  TESTS  AT  210°  F.  WILL  NOT  FURNISH  SHARP  DIFFERENTI- 
ATION BETWEEN  MATERIALS  FOR  RETREAD  AND  ROAD-MIX  CON- 
STRUCTION 

While  there  were  only  12  specifications  in  1931  hav- 
ing maximum  viscosity  limits  of  over  500  seconds, 
Furol  at  122°  F.,  there  is  nevertheless  a  trend  toward 
the  use  of  more  viscous  materials.  Materials,  consid- 
erably thinner  than  those  for  hot  application,  are  used 
extensively  in  retread  and  oiled  road-mix  construction. 
The  viscosities  of  these  asphaltic  products  are  very 
high  at  122°  F.  The  next  higher  temperature  recom- 
mended at  the  regional  meetings  was  210°  F.  Tests 
were  run  at  this  temperature  on  a  selected  number  of 
road  oils  and  kerosene  cut-back  asphalts  to  determine 
the  suitability  of  the  temperature  for  control  of  such 
materials.  Float  tests  at  122°  F.  were  also  made  on 
the  same  samples. 

The  Furol  viscosity  at  122°  F.  for  liquid  asphaltic 
road  materials  of  the  slow-curing  type  may  be  com- 
pared with  the  Furol  viscosity  at  210°  F.  and  the  float 
test  results  at  122°  F.  from  the  data  given  in  table  1  and 
plotted  in  figure  1.  The  materials  tested  -were  from 
many  different  fields  and  were,  no  doubt,  produced  by 
quite  different  methods  of  processing.  No  satisfactory 
curve  could  be  drawn  in  figure  1  to  show  the  relation- 
ship for  the  different  consistency  values,  although  a 
definite  trend  is  indicated. 

The  same  relationships  for  kerosene  cut-backs  arc 
given  in  table  2  and  figure  2.  Although  the  sources  of 
these  cut-backs  are  all  different,  a  fairly  satisfactory 
curve  can  be  drawn  to  show  the  relationship  between 
viscosities  at  122°  F.  and  viscosities  at  210°  F.  and 
between  viscosities  at  122°  F.  and  float  tests  at  122°  F. 
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These  relationships  may  be  expressed  approximately  as 
follow  s: 

0=  0.03  5+18 

D     0.02  B  I  10 
Where  B     Furol  viscositj  al   L22    F. 

(  '      Furol  viscosity  a!  210°  I'',  and 

/>      Float  test  at    122°  F. 

The  narrow  range  in  viscosities  at  210  F.  and  in 
lloat-test  results  at  122°  F.  for  materials  which  had  a 
wide  range  of  viscosity  at  122°  F.  indicates  that  these 
tests  (viscosity  at  210°  F.  and  float  test  at  122  F.  )  will 
not  furnish  sharp  differentiation  between  various 
consistencies. 

110=  F.  SUITABLE  TEMPERATURE  FOH  VISCOSITY  TESTS  1  OK  MATE- 
RIALS HAVING  HIGH  VISCOSITY  AT  122°  F. 

To  determine  a  suitable  temperature  for  viscosity 
tests  on  materials  for  retread  and  road  mix  construction, 
five  selected  kerosene  cut-backs,  having  appreciable 
(Inferences   in   viscosity   at    122°   F.,   were   tested   for 


viscosity  at  the  following  temperatures:  L22°  F.,  140°  F. 
L58°  F.,  170°  F.,  194°  F.,  and  210  I''.  The  results  of 
these  determinations  are  given  in  table  .">  and  are  shown 
graphically  in  figure  3. 

COMPARED  WITH  - 
VI'  :"  r  + 

VISCOSITY  AT  l\ 
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50 

4- 

t- 

• 

■ 

*- 

. 

. 

* 

+ 

1 

o  □ 

O 

J 

0 

O  0 
O   0 

300  400 

FUROL  VISCOSITY 


600 
SECONDS 


Figure  1. — Viscosity  of  Slow-Curing   Liquid 
122°  F.  Compared  with  Viscosity  at  210°  F 
Test  Results  at  122°  F. 


Asphalts  at 
and  Float- 


Table  1. 


-Furol  viscosities  of  liquid  asphallic  road  materials  of  the  slow-curing  type  at  122°  F.,  140°  F.,  and  210    /■'.,  and  float  lists  at 

F. 


Sample 

Producer 

Specific 
gravity 

122 

>F. 

Viscos- 
itvat 
1 10°  F. 

Viscos- 
ity at 
210°  F. 

Float 
test  at 
122°  F. 

Results  of  other  op- 
erators at  122°  F. 

no. 

Viscos- 
ity 

Time  of 
drip 

Maxi- 
mum 
viscosity 

Mini- 
mum 
viscosity 

34,  453 

Utah  Refining  Co . 

1.079 
.  942 

1.066 

1.001 
.951 
.9G7 
.952 
.955 
.967 

1.003 
.  972 
.9G3 
.976 

1.  101 
.  972 
.960 

1.082 
.  900 

1.088 
.981 

Sec. 

IiS 

68 
94 
94 
111 
151 
178 
199 
201 
205 
274 
281 
294 
297 
300 
300 
320 
458 
478 
478 
586 
596 
013 
616 
677 
713 
710 
735 
737 
808 
838 
898 

.Sec. 

Sec. 

30 
47 
48 
53 
03 
80 
94 
100 
104 
110 
134 
142 
152 
123 
lis 

149 
137 
220 
188 
24:-; 
268 
301 
288 
300 
295 
271 
325 
333 
333 
384 
392 
410 

Sec. 

Sec. 

Sec. 

SiC. 

35, 364 

Shell,  Wood  River 

■  - 

105 

91 

111 

i  150 

1  174 

194 

198 

196 

I  280 

300 

308 

64 

34,  263 

White  Eagle 

Shell,  East  Chicago -  - - . 

!«i 

35,100 

89 

35,  077 

Shell,  Martinez - 

111 

36,  303 

Standard  Oil  Co.  of  California,  Bakersfield .. .. 

— " 

150 

36, 106 

Standard  Oil  Co.  of  California,  Richmond 

174 

35,  367 

Shell,  Wood  River .. 

is;. 

Gilmore,  Los  Angeles 

198 

35, 103 

Shell,  East  Chicago _  .. 

192 

36, 310 

Standard  Oil  Co.  of  California,  Bakersfield ... 

280 

35, 080 

Shell,  Martinez 

201 

35, 157 

White  Eagle ---  

'-'4.-, 

34, 454 

35,  225 

311 
300 
345 
500 
196 

36,  089 

Standard  Oil  Co.  of  California,  Richmond _ 

287 

34,  322 

292 

36,  091 

32 
21 
35 
36 
43 
30 
45 
33 
26 
38 
38 
39 
45 
48 
46 

"21" 
30 
15 
24 
19 
23 
23 
25 
3S 
24 
26 
24 
30 
30 
33 

444 

34,  323 

441 

36,  360 

440 
480 

P) 
540 
400 
500 
480 

(2) 
450 
540 
600 
600 

Union,  Oleum. 

580 
566 
030 
627 
720 
707 
'  798 
i  700 
700 
831 
852 
908 

530 

30,  946 

MacMillan 

.979 
.972 
.975 
.981 
1.087 

35,  081 

Shell,  Martinez-. - : ... 

010 

Texas,  For t  Neches 

507 

36,300 

Standard  Oil  Co.  of  California,  Bakersfield 

680 

35, 155 

Standard  Oil  Co.  of  Indiana,  Wood  River _ 

000 

30,211 

Standard  Oil  Co.  of  California,  El  Segundo 

798 

35,  228 
36, 214 

Gilmore,  Los  Angeles _ 

Standard  Oil  Co.  of  California,  El  Segundo .  

.979 

700 

730 

35, 183 
34, 279 

Standard  Oil  Co.  of  Indiana,  Greybull . 

White  Eagle 

.982 

790 

30,  420 

Texas,  Cody  .._ 

1.003 

850 

Only  1  determination. 


2  N'ot  recoi  ded, 


Table  2.— Furol  viscosities  of  kerosene  cut-backs  at  122°  /-'.,  140°  /•'.,  and  210°  /''.,  and  float  test  at  l.J.J°  F. 


Sample 
no. 


36,  306 
36,095 
36, 309 
35,114 
35,  1 13 
II  I 
35.112 

36,099 


Producer 


Standard  Oil  Co.  of  California. 

....do 

....do 

Union  Oil  Co 

....do 

:  ml  Oil  Co.  of  California. 

Union  Oil  Co 

Associated 

Standard  Oil  Co.  of  California. 
....do 


Location 


i  afield. 
Richmond 
Bakersfield. 

Oleum 

lo 

Richmond 

oleum 

California  - 
Rich  1 1 
....do 


122°  F. 


\  i  100  - 

ity 


Sec. 


999 

1,020 

1,  120 
1,247 
1,393 

1,  1IHI 
1,411 


Time  of 
drip 


510 
550 
500 
600 
600 
600 
700 
000 
030 


1 10°  F. 


Viscos- 
ity 


Set 

238 
300 
432 
445 
449 
186 
542 
567 
000 
559 


Time  df 
drip 


Sec. 


410 
120 
120 
125 
435 
450 
435 
150 


Float 

ity  at 

210°  F. 

122°  F. 

Sec. 

33 

20 

43 

25 

48 

30 

49 

33 

47 

30 

54 

50 

55 

62 

35 

59 

34 

Results  of  oil. 
erators  at  122    P. 


Maxi-         Mini- 
mum     j     mum 
cosity 


Sec. 

820 

1,080 

964 

1,  105 

1,  175 

l.  150 


1,542 


'J'.U 
806 

1,100 
1,015 
1,249 


1,400 


214 
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Figure  2. — Viscosity  of  Kerosene  Cut-Backs  (Medium- 
Curing  Types)  at  122°  F.  Compared  with  Viscosity  at 
210°  F.  and  Float-Test  Results  at  122°  F. 
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Figure  3. — Temperature-Viscosity  Curves  for  California 
Cut-Backs  (Medium-Curing  Types). 

An  18°  increase  in  temperature  from  122°  F.  to  140°  F. 
decreases  the  time  of  the  Furol  viscosity  more  than  one 
half  even  for  the  least  viscous  material.  A  140°  F. 
temperature  has  been  used  by  some  of  the  States  and 
is  being-  considered  for  use  by  other  States,  and  it  was 
.thought  desirable  to  investigate  the  viscosity  values  at 
this  temperature  of  a  considerable  number  of  liquid 
asphaltic  road  materials  of  the  slow,  medium,  and  rapid- 
curing  types. 

The  data  for  viscosities  at  140°  F.  for  materials  of 
the  slow-curing  type  are  given  in  table  1,  and  for  mate- 
rials of  the  medium-curing  type  in  table  2.     Naphtha 


Table    3. — Furol    viscosities    of    kerosene   cut-backs    at      various 
temperatures 


Sample 
no. 

Producer 

Viscosity  at — 

122°F. 

140° 
F. 

158° 
F. 

176° 
F. 

194° 
F. 

210° 
F. 

36, 306 

Standard  Oil  Co.  of  California,  Bakers- 
field 

Sec. 

4S.H 

7S7 

999 
1,247 
1,400 

Sec. 
238 

366 

432 
542 
600 

Sec. 
121 

187 

207 
258 
290 

Sec. 
69 

101 

111 
136 
151 

Sec. 

44 

62 

67 
81 

88 

Sec. 
33 

36, 095 

Standard  Oil  Co.  of  California,  Rich- 
mond.   .. 

43 

36, 309 

Standard  Oil  Co.  of  California.  Bakers- 
field 

48 

35,112 

Union  Oil  Co..  01eum_ _  .     _. 

56 

36, 099 

Standard  Oil  Co.  of  California 

6? 

cut-backs  (materials  of  the  rapid-curing  type)  were  not 
used  in  the  preliminary  work,  but  a  number  of  samples 
of  various  consistencies  from  different  producers  have 
been  tested  at  140°  F.  as  well  as  122°  F.  The  data  on 
these  naphtha  cut-backs  are  given  in  table  4.  The 
data  for  liquid  asphaltic  road  materials  of  the  slow- 
curing  type  are  plotted  in  figure  4,  for  kerosene  cut- 
backs in  figure  5,  and  for  naphtha  cut-backs  in  figure  6. 
In  drawing  the  curve  for  materials  of  the  slow-curing 
type  in  figure  4,  it  was  found  that  some  of  the  points 
differed  greatly  from  the  general  trend  of  results,  and, 
in  checking  the  test  reports  on  these  samples,  it  wa 
found  that  these  particular  materials  all  had  a  big 
specific  gravity  (greater  than  1.05),  while  the  gravities 
of  the  other  materials  were  all  less  than  1.003.  Tw 
curves  were  therefore  drawn  and  the  relationship  may 
be  expressed  approximately  as  follows: 

.4  =  0.45  7?+  15,  for  the  low  gravity  group, 
A  =  0.36  B+  15,  for  the  high  gravity  group, 
Where  A  =  Furol  viscosity  at  140°  F.,  and 
5  =  Furol  viscosity  at  122°  F. 

The  relationship  for  the  kerosene  cut-backs,  as  show 
in  figure  4,  may  be  expressed  approximately  as  follows: 


-OILS  WITH  GRAVITY  OF   I  05  + 


-•--OILS  WITH  GRAVITY  OF   I  003  - 
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furol  viscosity  at  i22°f  sec  (b) 

Figure  4. — Viscosity  of  Slow-Curing   Liquid  Asphalt; 
122°  F.  Compared  with  Viscosity  at  140  F. 
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Figure  5. — Viscosity  of  Kerosene  Cl"t-Backs  (Medium- 
Curing  Types)  at  122°  F.  Compared  with  Viscosity  at 
140°  F. 
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.1    it. i  /;    to 

Where  .1   =  Furol  viscosity  at  140°  F.,  and 
B     Furol  viscosity  al  122°  F. 

The  relationship  lor  naphtha  cut-backs,  as  shown  in 
figure  (i,  is  approximately  as  follows: 

.1  =  0.4  li     60 
Where  .1=  Furol  viscosity  at   110    F.  and 
#  =  Furol  viscosity  at   122°  F. 

Table    I.-    Furol  viscosities  <</  naphtha  cut-b<:cks  at  l.'!~  /•'.  and 

140°  F. 


Sample 


35480 
..*_'>', 
34314 
35208 
34377 
35347 
35478 
36059 
36058 
36207 
34317 
35474 


Producer 


Shell,  Xorco _ 

Barber 

Standard  Oil  Co.  (if  New  Jersey,  Baltimore- 
Standard  Oil  Co.  of  Louisiana 

White  Eagle 

Standard  Oil  Co.  of  Indiana,  Whiting 

Texas,  Port  Neches 

Shell,  Norco 

do 

Standard  Oil  Co.  of  Louisiana 

Standard  Oil  Co.  of  Nem  Jersey,  Baltimore. 
Texas,  Port  Neehes.. . 


Viscosity  at- 


122°  F.  140°  F. 


420 
062 
680 
681 
688 
689 
725 
730 
854 
919 
919 
960 


Sec. 
226 

338 
358 
325 
322 
327 
334 
360 
432 
418 
404 
430 


Results  of 
other  opera- 
tors :it  122°  F. 


Mini-    Maxi- 
mum    mum 


See. 
426 
651 
729 

085 
557 
1170 
577 
604 
750 
895 
900 
844 


Si  c 

■I.-,;, 
725 
804 
702 
792 
so'.  1 
844 

1,060 
911 
936 

1,000 


.s 


It  is  believed  that  a  continuous  How  through  the 
aperture  of  the  viscosimeter  is  necessary  to  obtain  an 
accurate  viscosity  determination.  The  control  tem- 
perature should  be  so  adjusted  as  to  avoid  the  dripping 
which  occurs  when  high  viscosities  are  run.  In  table  1 
there  is  dripping  on  all  viscosities  over  478  at  122°  F., 
and  when  these  same  samples  are  run  at  140°  F.  no 
dripping  occurs. 

A  majority  of  the  kerosene  cut-backs  listed  in  table  2 
have  much  higher  viscosities  than  the  road  oils  listed 
in  table  1,  and  drip  at  both  122°  F.  and  140°  F.,  although 
the  difference  between  the  time  of  drip  and  the  vis- 
cosity value  is  much  smaller  at  140°  F.  than  at  122°  F. 
The  time  of  drip  was  not  recorded  in  the  naphtha  cut- 
back determinations,  but  it  is  probable  that  dripping 
did  occur  on  the  more  viscous  materials  at  both 
temperatures. 

It  is  evident  from  a  study  of  the  results  of  "other 
operators"  in  viscosity  determinations  at  122°  F.  (on 
same  materials  tested  in  other  laboratories)  that  the 
difference  in  test  values  in  cases  of  the  heavier  materials 
(tables  1,  2,  and  4)  are  quire  large.  It  is  reasonable  to 
suppose  that,  if  accurate  temperature  control  is  ob- 
tained, the  differences  in  viscosity  values  obtained  by 
different  operators  should  be  materially  reduced  by  the 
use  of  140°  F.  as  a  temperature  control.  The  total 
time  for  the  viscosity  determination  is  greatly  shortened, 
and  uncontrollable  factors  which  affeel  the  accuracy  of 
the  determinations  have  considerably  less  time  to  in- 
fluence the  flow  of  oil  into  the  receiver.  Since  the  time 
of  running  the  test  at  140°  Y .  is  greatly  reduced  and 
the  dripping  i-  less,  check  tests  by  different  operators 
should  be  in  closer  agreement. 

Since  140°  F.  also  represents  the  approximate  maxi- 
mum temperature  reached  in  the  upper  portion  of  the 
road  under  summer  temperature,  it  is  thought  that  it 
is  a  desirable  intermediate  temperature  for  the  control 
of  the  more  viscous  products  which  have  high  Furol 
viscosities  at   122     Y . 
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Figure  0.     Viscosity  or  N  win  ha  <  !ut-Backs  i  Rapid-!  'uri  xc; 
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Figure  7. — Viscosity  of  Kerosene  Cut-Backs  (Medium- 
Curing  Type)  at  1-40°  F.  Compared  with  Viscosities  at 
180°  F.  and  210°  F. 

Recently  very  viscous  liquid  asphaltic  road  materials 
of  the  medium-curing  and  rapid-curing  types  have  been 
used  as  binders  in  road  mixes.  Mixtures  are  prepared 
in  a  portable  mixing  plant  and  immediately  laid  and 
compacted.  These  materials  have  exceedingly  high 
viscosities  at  140°  F.  If  naphtha  has  been  used  as  the 
cutting  agent  in  such  products,  it  is  not  thought  advis- 
able to  make  the  viscosity  determination  at  a  tempera- 
ture above  140°  F.  because  of  the  possible  loss  of  volatile 
matter  and  subsequent  stiffening  of  the  material  during 
the  test.  If  kerosene  is  the  solvenl  used  in  these  cut- 
backs, a  viscosity  determination  at.  some  temperature 
higher  than  140°  F.  is  not  only  possible  but  is  desirable 
because  of  the  shorter  time  involved  in  making  the  test. 
Several  states  using  material  of  this  grade  have  desig- 
nated 180°  F.  as  the  control  temperature  for  the  vis- 
cosity determination. 

The  Furol  viscosities  of  extremelv  viscous  medium- 
curing  materials  at  140°  F.,  180°  F.  and  210°  F.,  as 
well  as  float  tests  at  122°  F.,  are  given  in  table  5. 
Curves  showing  the  relationship  existing  are  plotted 
in  figure  7.  It  is  evident  that  material  having  a  high 
viscosity  at  140°  F.  can  be  satisfactorily  controlled  b\ 
a  Furol' viscosity  at  180°  F.  and  that  the  use  of  210°  F. 
as  a  viscosity  temperature  control  for  this  type  of  ma- 
terial is  not  necessary. 

VISCOSITY  test  at  high  temperature  NOT  needed  for 
matehiai.s  for  hot  surface  treatment 

The  consistency  requirements  for  materials  to  be  used 
in  hot  surface  treatments  are  generally  specified  by 
viscosities  at  one  of  the  higher  temperatures  or  by  a 
float  test  at  90°  F.  or  122°  F.  In  many  cases  the  con- 
sistency is  controlled  by  both  a  viscosity  at  a  high 
temperature  and  a  float  test. 

The  method  of  applying  these  hot  materials  to  the 
road  surface  is  similar  to  that    used    in   constructing 
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Fjoure  S. — Viscosity   of   Material  for  Hot  Surface  Treatment   at  210°    F.    Compared    with   Float-Test    Values    at 

122°  F.  and   176°  F. 


penetration  macadam.  No  viscosity  requirement  is 
made  in  specifying  materials  for  penetration  macadam. 
It  is  believed  that  a  viscosity  requirement  at  high 
temperature  for  material  for  hot  surface-treatment 
material  can  be  discarded  from  specifications  and  that 
some  test  measuring  the  consistency  of  the  material  at 
a  lower  temperature  can  be  substituted. 

Table  5. — Furol  viscosities  and  results  of  float  tests  on  kerosene 
cut-backs  at  various  temperatures 


Sample  no. 

Producer 

Viscosity  at— 

Float 
test 

Base 

Flux 

140° 
F. 

ISO0 
F. 

210° 
F. 

at 
122° 
F. 

30,  769 
31,326 
35,120 

36, 608 
(') 

35, 122 

Mexican  Petroleum  Co.  (Baltimore) 

White                   per) 

Union  Oil  Co.  of  California - 

1,920 
1,840 
1,455 

682 
1,622 
1,576 
1,288 

920 
1,506 
1,310 
1,077 

925 

372 
352 
290 
159 
309 
281 
270 
183 
256 
240 
218 
183 

148 
139 
116 

122 
121 

100 
81 

100 
90 
84 
76 

75.5 
70.0 
58.0 
40.0 
78.0 

08.5 
55.0 
67.0 

04.5 
59.  0 
50.5 

Kerosene,  no  number. 


With  this  idea  in  mind,  a  large  number  of  liquid 
asphaltic  road  materials  suitable  for  hot  surface  treat- 
ment were  tested  for  Furol  viscosities  at  210°  F.,  for 
float  at  122°  F.,  140°  F.,  158°  F.,  and  176°  F.,  and 
penetration  at  77°  F.  under  variable  load  and  time. 
The  results  of  this  series  of  tests  are  given  in  table  6 
and  the  relationship  between  Furol  at  210°  F.  and 
float  test  at  122°  F.  and  176°  F.  arc  shown  in  figure  8. 
The  effect  of  change  in  temperatures  on  the  float  test 
values  for  a  selected  number  of  samples  are  shown  in 
figure  9. 

It  is  evident  that  the  float  test  at  122°  F.  has  no 
direct  relationship  to  Furol  viscosity  at  2f0°  F.  for 
the  materials  tested,  although  data  not  included  in 
this  report  indicate  that  there  is  a  definite  relation  be- 
tween time  of  float  test  at  122°  F.  and  viscosities  at 
210°  F.  if  the  materials  have  been  produced  from  the 
same  base  materials  and  by  the  same  process.  If  the 
float  tests  are  made  at  a  higher  temperature,  the  test 
becomes  more  nearly  a  measure  of  consistency  for  all 
types  of  material  than  is  the  case  at  low  temperatures. 
As  is  shown  in  figure  8,  a  fairly  satisfactory  curve 
can  be  drawn  to  show  the  relationship  between  Furol 
viscosity  at  2f0°  F.  and  float  test  results  at  176°  F. 
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Table  6.     Furol  viscosities  at  210    F.,  float  iesis  at  12  <8°F.,1  negations  at  Ti    I  gmateriah 

suitable  for  hot  surface  I 


nicer 

Vis- 
cosity 

:,( 

210°  F. 

Float  ti 

F. 

Sample 
no. 

rams 

122°  F. 

1 10°  F. 

Sec. 
28 
10 
35 
is 
30 
35 
24 
:n 
30 
10 
32 
35 
40 
37 
39 
35 
35 
41 
is 
:ts 
51 
40 
52 
52 
42 
43 
42 
41 
IS 
07 
57 
47 
01 
55 
52 

56 
55 
70 

59 
69 

0(1 
07 
90 

76 

mi 

ss 

35145 

Standard  l  lit  1 '"  of  Indiana,  \\  ood  B 

Sec. 
60 
83 
83 
89 
100 
133 
143 
181 
220 
232 
253 
254 
206 
267 
267 
326 
328 
331 
333 
34  2 
342 
347 
355 
302 
366 
367 
369 
398 
442 
452 
450 
484 
512 
540 
563 
570 
627 
628 
644 
653 
693 
770 
546 
900 
985 
1,085 
1,181 
1,248 

97 
39 
111 
18 
123 
108 
66 
85 
ss 
93 
S7 
104 
166 
109 

103 

105 
117 
105 
115 
171 
118 
206 
191 
142 
139 
149 
139 
100 
260 
223 
153 
242 
189 
158 
316 
212 
183 
108 
1ST 
297 
2 18 
228 
501 
271 
285 
491 
403 
491 

Si  c 

27 

74 

32 

77 

70 

42 

56 

58 

00 

64 

74 

107 

71 

83 

71 

70 

79 

111! 

75 

111 

SO 

119 

114 

92 

89 

97 

92 

103 

140 

133 

100 

136 

120 

108 

159 

124 

111 

159 

115 

157 

147 

133 

213 

147 

165 

221 

190 

22 1 

Sec 
in 
21 
Is 
23 
51 
is 
;.' 
30 
40 
41 
42 
50 
68 
50 
57 
50 
50 

09 

54 
75 
56 
82 
70 
63 
65 
65 
61 
72 
96 
87 
71 
88 
st 
77 
105 
SO 
82 
97 
S3 
102 
99 
93 
129 
100 
109 
133 
124 
131 

310+ 

283+ 

277+ 

193 

212 
255+ 

315+ 

290  f 

!£ 

157 
158 
290  : 
140 
237 
:;nii  ! 
126 
222 
273 
127 
200 
120 
165 
238 

85 
188 
159 

97 
120 
110 

249 

180 

189 
191 

hi 
(i) 
(') 

242 
105 

IT.", 
(1) 
266 
249 

IIS 

Ci 

in 

JOS 

s:t 

115 
119 
203 
172 
169 
132 

03 

79 
155 

63 
120 
107 

52 
130 
141 

09 
130 

GO 

:i2 

120 

11 

95 

43 

05 
01 

Standard  Oil  Co.  of  Nevi  Jersey,  Bayonne 

35356 

Standard  Oil  Co.  of  Indiana,  Whiting... 

34254 

The  Texas  Co.,  Bayonne. 

35196 

Standard  Oil  Co.  of  New  Jersey,  Parkers! 

35353 

Standard  Oil  Co.  of  Indian:!,  Whiting . 

36044 

Jas.  B.  Berrv 

35206 

Standard  Oil  Co.  of  New  Jersey,  Bavonne 

35267 

do 

34248 

The  Texas  Co.,  Bayonne. 

36343 

Shell  Oil  Co.,  Norco.. 

35048 

Standard  Oil  Co.  of  New  Jersey,  Ball 

36307 

Standard  Oil  Co.  of  California,  Bakersfield 

36863 

Mexican  Petroleum  Corporation,  Baltimore 

36216 

Standard  Oil  Co.  of  California,  El  Segundo 

34497 

30187 

Atlantic  Refining  Co.,  Brunswick,  <ia 

36085 

Mexican  Petroleum  Corporation,  Destrahan,  La 

36093 

36759 

The  Texas  Co.,  Bayonne 

35083 

Shell  Oil  Co.,  Martinez,  Calif 

35335 

Standard  Oil  Co.  of  New  York,  Riverside. 

30311 

Standard  Oil  Co.  of  California,  Bakersfield 

291  + 

35115 

Union  Oil  Co.,  Oleum... 

37323 

The  Texas  Co.,  Bavonne,. 

35348 

Standard  Oil  Co.  of  Indiana,  Whiting... 

35049 

Standard  Oil  Co.  of  New  Jersey,  Baltimore    . 

35013 

Standard  Oil  Co.  of  Ohio 

35192 

Standard  Oil  Co.  of  New  Jersey,  Baltimore  ... 

35082 

Shell  Oil  Co.,  Martinez,  Calif 

21(1 
250 

35229 

Gilmore  Oil  Co ..    

36702 

Mexican  Petroleum  Corporation,  Baltimore 

36092 

Standard  Oil  Co.  of  California,  Richmond 

194 

295+ 

36320 

186 

36344 

Shell  Oil  Co.,  Norco 

36525 

Associated  Oil,  Avon ... 

100 

305  + 

302+ 

175 

292+ 

180 

235 

298+ 

121 

201 

220 

158 

109 

102 

34496 

The  Texas  Co.,  Port  Neches 

199 

34273 

Colonial  Beacon  Oil  Co 

240 

35116 

Union  Oil  Co.,  Oleum 

36086 
35156 

Mexican  Petroleum  Corporation,  Destrahan,  La 

White  Eagle 

36319 

Standard  Oil  Co.  of  Louisiana  

36345 

Shell  Oil  Co.,  Norco 

195 

36215 

Standard  Oil  Co.  of  California,  El  Segundo. 

36353 

Atlantic  Refining  Co.,  Brunswick,  Ga 

36087 

Mexican  Petroleum  Corporation,  Destrahan,  La 

35230 

Gilmore  Oil  Co 

36318 

Standard  Oil  Co.  of  Louisiana. ..  

34495 

The  Texas  Co.,  Port  Neches. . 

Too  sofl  for  test. 


+  35230    GILMORE  OILC0 

X  2)6087    MEXICAN   PETROLEUM  CORP   DESTREHAN.LA 

O  34496    THE  TEXAS  CO ,  PORT  NECHES, TEXAS 

&  35356    STANDARD  0ILCO   OF  INDIANA,  WHITING,  INDIANA 

□  35265   STANDARD  OIL  CO  OF  NEW  JERSEY,  BAYONNE,  N  J 


400 


122 


158 


temperature  -   f 
Figure  9. — Relation    Between    Temperature    and    Float- 
Test    Values    foe    Materials   for   Hot  Surface    Treat- 
ment. 


The  one  outstanding-  feature  developed  bv  these  con- 
sistency tests  is  that  although  the  materials  tested  are 
often  considered  as  fluid  asphaltic  materials,  14  of  the 
group  tested  gave  penetrations  at  77°  F.  (100  grams,  5 
seconds),  from  264  to  as  low  as  121,  and  that  only  in 
may  be  considered  as  liquid  bituminous  materials  as 
such  materials  are  defined  by  the  American  Society  for 
Testing  Materials.  According  to  this  definition  only 
those  materials  having  a  penetration  at  77°  F.  under  a 
load  of  50  grams  applied  for  l  second,  of  more  than 
350,  are  liquids.  The  viscosity  determination  at  high 
temperatures  for  materials  for  hot-surface  treatment  is 
unnecessary.  A  lloat  test  could  he  used,  hut.  for  soft 
semisolid  asphalts  a  penetration  test  at  77°  V.  under  a 
load  of  either  50  or  100  grams  seems  to  offer  the  better 
means  for  laboratory  control  and  avoids  the  use  of 
viscosity  tests  at  high  temperatures. 

I   d\(   1.1    SKINS 

1.  There  is  need  for  tests  al  a  number  of  tempera- 
i  ures  to  adequately  no  er  the  wide  range  in  consistency 
of  liquid  asphaltic  road  materials. 

2.  The  use  of  140-  I-'.  and  ISO-  F.  should  prove  satis- 
factory as  control  temperatures  in  Furol  viscosity  de- 
terminations for  the  more  viscous  liquid  asphaltic  road 
materials. 
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3.  When  practicable  the  temperature  designated  for 
control  should  give  a  Furol  viscosity  of  less  than  500 
seconds.  However,  the  more  viscous  materials  of  the 
rapid-curing  type  should  not  be  tested  for  viscosity  at 
a  temperature  higher  than  140°  F. 

4.  Many  so-called  liquid  asphaltic  road  materials, 
which  are  used  in  hot  surface-treatment  work,  and  which 
are  designated  as  hot  oils,  90  and  95  percent  road  oils, 


etc.,  are  in  fact  semisolid  asphaltic  materials.  These 
grades  of  material  probably  can  be  controlled  best  for 
consistency  by  either  a  float  test  at  a  low  temperature 
or  by  a  penetration  test  at  77°  F.  under  a  load  of  50 
or  100  grams. 

5.  Tests  at  a  temperature  of  approximately  210°  F. 
can  be  omitted  readily  from  specifications  for  liquid 
asphaltic  road  materials. 


(Continued  from  p.  211) 

stronger  and  better  suited  to  severe  traffic  conditions 
such  as  were  imposed. 

17.  Sand  considerably  coarser  than  is  generally  em- 
ployed in  asphalt  pavement  construction,  was  sat- 
isfactorily used  in  the  stable,  dense,  coarse-graded 
asphaltic  concretes  of  the  first  series  of  tests. 

18.  No  influence  of  the  consistency  of  the  asphalt 
cement  upon  the  service  characteristics  of  the  coarse- 
graded  asphaltic  concretes  was  apparent.  Stable  mix- 
tures were  laid  with  asphalts  ranging  from  45  to  75 
penetration. 

19.  The  five  sections  of  asphaltic  concrete  of  the 
second  series  of  tests  satisfactorily  carried  bitumen  to 
the  extent  of  85  percent  to  95  percent  of  the  volume  of 
the  aggregate  voids.  Aggregate  voids  were  deter- 
mined for  slabs  removed  from  the  traffic  lanes  after  the 
service  tests  had  been  completed. 

20.  The  stabilities  determined  by  the  roller  stability 
machine  conform  to  the  observed  service  characteris- 
tics of  the  asphaltic  concretes  tested  in  the  second 
series  of  tests.  This  apparatus  constitutes  a  means  by 
which  mixtures  of  this  type  may  be  conveniently 
studied  and  compared. 

LIMITED  APPLICATION  OF  TEST  RESULTS  EMPHASIZED 

Attention  has  been  called  to  the  reasons  for  these 
tests  and  to  the  conditions  under  which  they  were 
conducted,  but  it  may  be  well  to  emphasize  their  lim- 
ited scope  and  to  warn  against  unconsidered  application 
of  the  data  and  observations  presented.  At  no  time 
was  it  anticipated  that  a  complete  method  of  bitumi- 
nous pavement  design  would  be  developed  from  these 
tests.  It  was  desired  merely  to  determine  under  con- 
trolled traffic  conditions  the  relative  traffic  resisting 
capacities  of  a  wide  range  of  mixture  compositions  for 
correlation  with  laboratory  stability  tests  which  were 
in  process  of  development.  This  aim  was  realized  but 
the  data  collected  were  naturally  studied  with  relation 
to  existing  theories. 


There  are  several  reasons  why  the  indications  of  these 
experiments  cannot  be  applied  indiscriminately  to  all 
problems  of  mixture  design.  The  property  of  stability 
is  but  one  characteristic  which  a  mixture  should  possess. 
To  design  for  the  highest  possible  stability  may  result 
in  the  adoption  of  a  mixture  which  is  unduly  expensive, 
greatly  deficient  in  bitumen  or  otherwise  unbalanced,  and 
consequently  not  the  best  suited  to  the  specific  condi- 
tions under  which  it  is  to  be  used.  Very  high  stabilities, 
such  as  those  apparently  necessary  to  resist  the  excep- 
tionally severe  traffic  of  these  tests,  are  not  generally 
essential.  It  was  found  that  a  minimum  stability  of 
about  2,000  pounds  was  required  on  certain  heavy- 
traffic  New  York  City  streets  and  under  light  to 
moderate  traffic  on  country  roads  1 ,000  pounds  stability, 
or  even  a  little  less,  has  proved  adequate  to  resist 
deformation.  In  such  cases  as  the  latter  an  attempt  to 
attain  unnecessarily  high  stabilities  might  yield  pave- 
ments which  would  crack  excessively  or  which  would 
be  undesirably  high  in  voids. 

Materials  from  different  sources  vary  widely  in  their 
capacity  to  impart  stability  to  mixtures.  Since  these 
tests  were  conducted,  research  has  demonstrated  that 
the  sands  used  in  these  tests  possess  greater  stabilities 
than  those  from  many  other  sections  of  the  country. 
This  characteristic  is  not  a  function  of  gradation,  so 
that  sands  selected  at  random  but  duplicating  the 
mesh  composition  of  these  experimental  mixtures 
cannot  be  similarly  proportioned  in  surface  mixtures 
and  trusted  to  develop  corresponding  stabilities. 

Therefore  the  value  of  this  study  does  not  rest  in 
the  actual  pounds  of  stability,  percentage  of  voids,  or 
other  characteristics  of  the  mixtures  described,  but 
rather  in  the  indications  of  interrelationship  which 
exist  and  which  must  be  considered,  weighed,  and 
evaluated  with  reference  to  the  controlling  factors  of 
traffic,  materials,  climate,  etc.,  involved  in  any  indi- 
vidual design  problem. 


A  LABORATORY  TRAFFIC  TEST  FOR 
LOW-COST  ROAD  TYPES 


T1IK  Bureau  of  Public  Roads  has  recently  built  and 
placed  in  operation  at  the  Arlington  Experiment 
Farm  a  small  circular  test  track  for  applying,  in 
the  laboratory,  traffic  tests  to  sections  of  highway  sur- 
faces. The  test  was  designed  primarily  for  the  study 
of  low-cost  bituminous  types,  but  it  is  believed  that  it 
may  be  adapted  for  other  studies  such  as,  for  instance, 
subgrade  stabilization,  motor-vehicle  tire  wear,  etc. 

The  track  consists  of  an  annular  concrete  trough  12 
inches  deep,  is  inches  wide,  and  12  feet  in  diameter  at 
the  center  line.  The  depth  is  sufficient  to  permit  the 
use  of  various  combinations  of  base  materials  beneath 
the  bituminous  test  surfaces.  Along  the  smaller  cir- 
cumference of  the  trough  in  which  the  test  sections  are 
held,  and  cast  intregally  with  it,  is  another  trough  3  I 


and    enables    the    operator    to    place    the    path    of   either 

wheel  at  any  point  on  the  test  surface. 

An  electric  motor  operating  through  a  3-step  cone 
pulley  and  a  worm  reduction  drives  tin1  vertical  shaft 

at    I  he  center  of  I  he  track. 

The  test  wheels  may  he  operated  at  speeds  of  I  ,  (i. 
or  '.)  miles  pei'  hour  as  desired.  The  low  speed  has 
proved  to  be  most  convenient  when  distributed  traffic 
for  compacting  the  surface  is  required.  For  the  testing 
of  the  completed  surfaces,  concentrated  traffic  and  the 
highest  speed  are  used. 

The  number  of  trips  made  by  each  wheel  i-^  recorded 
by  an  electrical  contact  mechanism  on  the  central  ver- 
tical shaft  operating  a  magnetic  revolution  counter  at 
a  point  outside  the  track.     In  addition  to  this  record, 


The  asphaltic  material  in  this  section  has  a  Savbolt-Furol 
viscosity  at  122°  F.  of  1,230. 


The  asphaltic  material  in  this  section  has  a  Saybolt-Furol 
viscosity  at  122°  F.  of  89. 


Effect  of  Oil  Consistency  ox  the  Stability  of  the  Oiled  Aggregate  Surface   Under  Test  Traffic. 


inches  wide  and  13  inches  deep  intended  to  be  used  as 
a  reservoir  for  the  introduction  of  water  into  the  base 
material  under  the  test  surfaces  through  small  open- 
ings at  the  base  of  the  partition  wall.  By  this  arrange- 
ment the  track  may  he  flooded  or  the  water  may  he 
introduced  through  capillarity. 

Two  full-size  automobile  wheels  provide  the  traffic 
for  the  tests.  These  wheels  are  fixed  to  the  two  ends 
of  a  rigid  structural  member  which  is  rotated  in  a  hori- 
zontal plane  by  a  vertical  shaft  in  the  pedestal  at  the 
'■enter  of  the  track.  The  upper  end  of  this  shaft  is 
squared  and  on  it  rides  a  freely  sliding  square  nut 
mounted  in  trunnions  in  the  cross  member.  Tins 
arrangement  causes  a  constant  wheel  load  (that  due 
to  the  weight  of  the  wheels,  tires,  and  cross  member) 
to  be  applied  at  all  times  regardless  of  the  irregularities 
of  the  test  surfaces.  At  present  this  load  amounts  to 
about  800  pounds  per  tire.  Although  the  distance  be- 
tween the  two  test  wheels  i-  fixed,  a  handwheel  adjust- 
ment is  provided  which  shifts  the  position  of  the  square 
nut  with  respect  to  the  midpoint  of  the  cross  member 


the  data  being  collected  include  the  corresponding  be- 
havior of  the  material  under  test,  the  density  of  the 
surface  before  and  after  test,  oil  migration,  water  con- 
tent, ami  amount  of  material  lost  due  to  raveling,  It 
is  hoped  that  this  information  will  make  possible  the 
evaluation  of  the  important  factors  affecting  the  be- 
havior of  oiled  aggregate  mixtures. 

The  apparatus  is  now  being  used  to  investigate  the 
effect  of  the  percentage  and  consistency  of  the  bitumin- 
ous material  on  the  durability  and  stability  of  mixtures 
with  one  type  and  grading  of  aggregate.  A  later  phase 
of  this  first,  series  of  tests  will  involve  a  study  of  the 
ell'ect  of  capillary  water  on  the  same  mixtures.  Various 
other  factors  influencing  the  behavior  of  different  types 
of  bituminous  surface  will  he  studied. 

From  (lie  preliminary  work  which  has  been  done  up 
to  this  time  it  appears  that  the,  apparatus  will  provide 
.i  vers  useful  method  of  studying  some  of  the  man\ 
factors  involved  in  the  performance  of  low -cost  bitu- 
minous surfaces. 
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A  TIME  STUDY  OF  TRAFFIC  FLOW  ON  THE 
NEW  JERSEY  HIGH-LEVEL  VIADUCT 

Reported  by  LAWRENCE  S.  TUTTLE.  Assistant  Highway  Economist,  Division  of  Highway  Transport,  United  States  Bureau  of  Public  Roads 


Traffic  Flows  Freeh    on  the   Viaduct  With  a  Considerable  Saving 


Time, 


THE  RECENTLY  completed  High-Level  Viaduct 
between  Newark  and  Jersey  City  in  New  Jersey 
has  created  wide  interest  because  of  the  magnitude 
of  the  project  and  the  engineering  problems  involved  in 
its  construction.  Less  publicity  has  been  given  the  eco- 
nomic problems.  Costing  $5,200,000  per  mile,  it  is 
one  of  the  most  intensive  pieces  of  highway  construc- 
tion in  the  world.  A  careful  preliminary  investiga- 
tion L  indicated  that  of  the  various  economies  which 
would  be  effected  by  the  construction  of  the  express 
highway  from  Elizabeth  to  the  Holland  Tunnel,  of 
which  the  viaduct  is  a  part,  the  most  important  was 
the  saving  in  travel  time.  This  paper  presents  an  esti- 
mate of  the  annual  vehicle  time  saved  by  the  viaduct 
under  present  traffic  conditions,  prepared  from  field 
studies  of  travel  time  on  this  express  highway  before 
and  after  the  opening  of  the  viaduct.  The  studies 
were  made  during  1932  and  1933  by  the  Division  of 
Highway  Transport,  Bureau  of  Public  Roads,  with  the 
cooperation  of  the  New  Jersey  State  Highway  Commis- 
sion. The  field  work  was  performed  as  an  unemploy- 
ment relief  project  in  connection  with  the  New  Jerse} 
State-wide  traffic  survey.  No  attempt  has  been  made 
to  value  vehicle  time  saved  in  view  of  the  general  lack 
of  agreement  among  engineers  and  economists  on  this 
subject,  but  the  estimate  has  been  so  arranged  that 
reasonable  values  for  time  saved  for  the  several  classes 
of  vehicles  may  be  easily  applied  to  obtain  the  monetary 
value  of  the  time  saved. 

old  route  badly  congested 

The   viaduct   completes   the   express   highway    from 
Elizabeth  to  the  Holland   Tunnel.     This   highway   is 

1  A  Proposed  New  Highway  from  the  Westerly  end  of  the  Vehicular  Tunnel  in 
Jersey  City  via  Kearny  and  Newark  to  Elizabeth,  January  1925.  This  report  con- 
sists of  two  sections:  A  Study  of  the  Economic  and  Oilier  Conditions  Which  Show 
the  Need  of  This  Proposed  New  Highway  and  Which  Govern  and  Control  its  Design, 
by  F.  Lavis,  and  Studies  of  Traffic  Data  and  Economic  Values,  by  S.  Johannesson, 
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one  of  the  most  heavily  traveled  in  the  country,  as  it 
is  the  principal  approach  from  the  south  and  west  to 
New  York  City  via  the  Holland  Tunnel  and  the  George 
Washington  Bridge,  it  also  serves  a  large  volume  of 
local  traffic  between  Jersey  City  and  .Newark.  Figure 
1  shows  the  location  of  the  viaduct  and  the  previous 
routing  of  traffic.  Before  the  viaduct  was  opened, 
traffic  was  routed  east  along  Communipaw  Avenue  to 
West  Side  Park  in  Jersey  City  and  then  north  to  Ton- 
nelle  Circle,  a  distance  of  4.2  miles. 

Traffic  congestion  on  this  ground-level  route  often 
reached  serious  proportions.  While  the  roadway  pro- 
vided at  least  two  lanes  in  either  direction  at  its  nar- 
rowest point,  interruptions  to  traffic  and  points  of 
conflict  were  numerous.  These  consisted  of  frequent 
openings  of  the  drawbridges  across  the  Passaic  and 
ifackensaek  Rivers,  and  traffic  interference  at  numerous 
intersections,  particularly  at  the  east  and  west  ends  of 
the  Communipaw  Avenue  section  of  the  route,  and 
also  where  New  ark  Avenue  crosses  near  Tonnelle  Circle. 

Congestion  at  these  three  intersections  was  aggra- 
vated by  heavy  turning  movements,  requiring  almost 
continuous  police  control.  To  a  lesser  degree,  Tonnelle 
Circle  was  also  a  source  of  delay.  In  anticipation  of 
construction  of  the  viaduct  the  latter  was  not  designed 
to  accommodate  a  large  volume  of  traffic,  and  before 
the  completion  of  the  viaduct  an  intricate  system  of 
police  control  was  necessary  to  prevent  complete 
tie-ups. 

Traffic  counts  indicated  that  the  total  yearly  traffic 
at  the  llackensack  River  Bridge  during  1932  was  about 
14,600,000  vehicles.  Average  week-day  traffic  through- 
out the  year  was  approximately  37,000  vehicles,  while 
on  Sundays  more  than  50,000  vehicles  per  day  were 
commonly  recorded. 

The  heaviest  traffic  occurred  on  Sunday  evenings  in 
the    summer   with    pleasure    traffic    returning    to    New 
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Figure  1. — Map  Showing  Old  Route  (Stippled)  and  New  Viaduct  Route. 


York  from  the  New  Jersey  shore  resorts.  Hourly 
traffic  during  this  time  frequently  exceeded  2,000 
vehicles  in  one  direction.  The  viaduct  which  relieves 
this  highly  congested  section  is  clear  of  all  intersections 
at  grade,  provides  at  least  two  lanes  for  moving  traffic 
in  each  direction,  is  high  enough  to  eliminate  the  ne- 
cessity of  draw  bridges  and,  in  addition,  has  reduced 
the  distance  to  3.7  miles. 

NEW  FIELD  SURVEY  METHODS  DEVELOPED 

In  order  to  estimate  the  vehicle  time  saved  by  the 
viaduct  it  was  necessary  to  measure  the  average  trip 
time  on  the  old  route  and  upon  the  viaduct  between  the 
same  points.  The  difference  in  average  trip  time  mul- 
tiplied by  the  number  of  vehicles  benefited  represents 
the  total  vehicle  time  saved.  The  problem  of  measur- 
ing the  average  trip  time  on  the  old  route  was  com- 
plicated by  a  wide  variation  in  the  frequency  of  bridge 
openings  and  in  the  volume  of  traffic  throughout  the 
day.  It  was  necessary  to  time  a  sufficiently  large  num- 
ber of  trips  to  determine  the  effect  of  bridge  openings 
and  volume  of  traffic. 

The  method  adopted  involved  the  listing  of  vehicle 
license  numbers  at  both  ends  of  the  route  together  with 
the  time  of  passage  of  each  vehicle  to  the  nearest  minute, 
and  the  subsequent  matching  of  these  license  numbers 
so  as  to  derive  the  trip  time  of  each  vehicle.  The  same 
method  was  followed  to  obtain  the  average  trip  time 
upon  the  viaduct.  It  was  found  that  a  record  of  only 
the  last  four  digits  of  the  license  number,  regardless  of 
State  of  registration,  was  sufficient  to  identify  a  vehicle 
in  all  but  a  few  exceptional  cases. 

Observation  stations  were  located  as  shown  in  figure 
1,  each  position  having  two  stations,  one  for  each  direc- 
tion of  traffic.  For  the  time  study  on  the  old  route, 
station  8  and  station  1  were  located  at  the  west  end  of 
the  viaduct,  east-bound  vehicles  being  recorded  at 
station  8  and  west-bound  vehicles  at  station  1.  Sta- 
tions 4  and  5,  for  east-bound  and  west-bound  traffic,  re- 


spectively, were  placed  at  the  opposite  end  of  the  route 
on  the  west  side  of  Tonnelle  Circle.  Vehicles  were 
timed  from  station  8  to  station  4,  and  from  station  5  to 
station  1,  and  the  average  trip  time  between  these  two 
pairs  of  stations  was  compared  with  subsequent  time 
observations  on  the  viaduct.  A  considerable  volume 
of  local  traffic  still  uses  Communipaw  Avenue  in  travel- 
ing between  Jersey  City  and  Newark.  In  order  to  de- 
termine the  time  saved  by  this  traffic  as  a  result  of 
diversion  of  through  traffic  to  the  viaduct,  two  addi- 
tional pairs  of  stations,  3  and  6,  and  7  and  2,  were 
located  at  the  east  and  west  ends,  respectively,  of  this 
section  of  the  route.  Vehicles  were  timed  from  sta- 
tion 7  to  station  3,  and  from  station  6  to  station  2. 
For  the  time  study  of  traffic  on  the  viaduct  only  the  two 
pairs  of  stations,  8  and  1  at  the  west  end,  and  4  and  5  at 
the  east  end,  were  used,  with  slight  changes  in  location 
required  by  the  new  routing  of  traffic. 

As  might  be  supposed,  the  field  personnel  necessary 
to  make  such  a  study  was  large,  particularly  so  on  the 
old  route,  where  eight  stations  were  established.  Dur- 
ing periods  of  heavy  traffic  a  maximum  of  38  men  were 
employed,  including  supervisors.  The  arrangement  of 
personnel  at  the  various  stations  was  adapted  to  the 
physical  conditions  existing  and  to  the  volume  of  traffic 
to  be  recorded.  At  each  station  it  was  necessary  to 
record  the  volume  of  traffic,  to  list  separately  the  license 
numbers  of  passenger  cars,  trucks,  and  busses,  and  to 
call  the  time  minute  by  minute.  At  the  lighter  traffic 
stations  it  was  sometimes  possible  for  one  man  to  serve 
as  timekeeper  and  truck  and  bus  observer,  but  more 
frequently  it  was  necessary  to  increase  the  personnel, 
especially  the  observers  listing  numbers.  At  the  heavy 
traffic  stations  two  passenger-car  observers  and  two 
truck  and  bus  observers  were  required.  Usually  these 
obseivers  worked  in  pairs,  one  reading  numbers  to  the 
other.  At  the  west  end  of  the  viaduct  where  traffic 
was  moving  at  a  high  speed,  it  was  necessary  to  assign 
observers  to  each  lane  of  traffic.     In  the  time  study  of 
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traffic  on  the  viaduct,  lack  of  sufficient  space  at  station  5 
made  it  impossible  to  record  numbers  at  the  point  of 
observation,  and  observers  reading  numbers  communi- 
cated by  means  of  portable  telephones  with  recorders 
stationed  across  the  roadway. 

Recorders  listing  the  license  numbers  were  supplied 
with  small  cards,  upon  which  were  stamped  the  station 
number,  the  date  and  the  time  of  day  to  the  nearest 
minute.  One  card  was  used  for  each  minute,  and  only 
the  license  numbers  of  vehicles  passing  during  that 
minute  were  listed  on  a  single  caul.  At  the  beginning 
of  each  day's  work,  all  timekeepers'  watches  were  com- 
pared and  set,  and  at  frequent  intervals  during  the  day 
they  were  checked  against  a  watch  held  by  the  general 
supervisor. 

In  classifying  trucks,  it  was  impossible  to  draw  a 
sharp  distinction  between  light  trucks  and  heavy  trucks. 
Observers  were  instructed  to  classify  trucks  of  2/2- ton 
capacity  or  less  as  light  trucks  and  all  others  as  heavy, 
and  reliance  was  placed  upon  their  experience  to  make 
this  distinction  with  reasonable  accuracy.  The  classi- 
fication of  individual  trucks  at  entrance  and  exit  sta- 
tions was  found  to  be  fairly  consistent. 

FIELD  METHODS  RESULTED  IN  SATISFACTORY  SAMPLES 

Theoretically,  if  the  license  numbers  of  half  the 
vehicles  passing  are  listed  at  random  at  each  end  of  a, 
given  section  of  highway,  one  quarter  of  the  cars  can 
be  identified  and  the  travel  time  determined.  In  general 
terms,  the  percentage  of  cars  identified  at  both  ends  will 
be  the  product  of  the  percentages  of  the  licenses  listed 
at  each  end  divided  by  100.  It  is  obvious  that  the 
number  of  probable  matches  decreases  very  rapidh  as 
the  efficiency  in  recording  numbers  is  decreased.  A 
further  loss  occurs  when  there  are  other  entrances  and 
exits  to  the  route,  not  covered  by  recording  stations, 
as  was  the  case  particularly  on  the  old  route.  There- 
fore, every  effort  was  made  to  maintain  a  high  efficiency 
in  fisting  license  numbers.  After  a  short  period  of 
training  a  surprising  speed  in  recording  was  developed 
In  heavy  traffic  the  number  recorded  per  minute  on  a 
single  card  consistently  exceeded  20  and  occasionally 
exceeded  30. 

The  field  study  of  the  old  route  before  the  opening  of 
the  viaduct  was  made  on  September  24,  25,  26,  27,  28, 
and  October  1  and  2,  1932.  These  dates  included  2 
Saturdays,  2  Sundays,  and  3  week  days.  Eight  hours 
of  observation  were  made  each  day,  staggered  from  day 
to  day  to  cover  the  hours  of  the  day  from  6  a.m.  to  10 
p.m.  When  this  schedule  was  completed,  an  examina- 
tion of  the  data  revealed  that  the  volume  of  traffic  and 
the  number  of  bridge  openings  during  many  of  the 
hours  of  observation  duplicated  those  of  other  hours. 
To  avoid  unnecessary  clerical  work,  subsequent  analysis 
was  confined  to  a  selected  sample  of  19  hours  of  east- 
bound  and  18  hours  of  west-bound  traffic  covering  a 
complete  range  in  volume  of  traffic  and  bridge  openings. 

Tabulation  of  this  sample  showed  approximately 
99,000  license  numbers  recorded  at  the  eight  stations, 
85,000  being  for  passenger  cars.  During  the  same  hours, 
the  traffic  passing  these  stations  totaled  128,000  vehicles, 
including  112,500  passenger  cars.  Of  the  license 
numbers  listed  37,000  were  matched,  thus  giving  the 
trip  time  of  18,500  vehicles.  On  the  average  77  per- 
cent of  the  passing  vehicles  were  listed,  and  29  percenl 
of  these  vehicles  were  timed  over  the  route.  Ever 
under  the  difficult  conditions  prevailing  alter  nightfall 
the  efficiency  averaged  24  percent.      I  Ihder  the  severest 


test,  hea\  \  east-bound  passenger-car  traffic  on  Sunday 
night,  a  record  of  17  percent  was  maintained. 

Because  a  very  considerable  proportion  of  the  vehicles 
passing  through  Tonnelle  Circle  (stations  4  and  .". 
entered  or  left  the  route  at  Newark  Avenue,  where  there 
were  no  observation  stations,  a  fairer  measure  of  the 
efficiencj  of  the  method  is  to  compare  the  number  of 
timed  vehicles  with  the  total  traffic  entering  the  west 
end  of  Communipaw  Avenue  through  stations  7  and 
8  and  leaving  through  stations  !  and  2.  On  this 
basis  the  average  efficiency  for  the  entire  stud)  was 
38  percent. 

The  High-Level  Viaduct  was  opened  to  traffic  on 
November  23,  L932.  In  order  to  allow  traffic  to  adjust 
itself  to  driving  conditions  on  the  viaduct  and  also  to 
obtain  a  wide  range  in  volume  of  traffic,  observations 
of  trip  time  were  not  made  until  Saturday  and  Sunday, 
May  20  and  21,  1933.  The  method  of  observation 
was  the  same  as  that  described  for  the  old  route. 
Stations  1  and  8  were  located  at  approximately  the 
same  points  as  in  the  previous  study.  Stations  4  and 
5  were  placed  at  the  junction  of  the  viaduct  and  the 
two  ramps  leading  to  and  from  Tonnelle  Circle.  This 
point  was  about  500  feet  west  of  the  previous  location, 
a  move  so  slight  that  its  effect  on  the  comparative  trip 
time  could  be  safely  ignored.  No  additional  observa- 
tions of  trip  time  on  the  old  route  were  made,  as  the 
previous  observations  were  sufficient  to  estimate  the 


Typical  Congestion  on    Newark   Avenue  at  Intersection 
With  U.S.  No.  1  Before  Opening  of  Viaduct. 

trip  time  under  the  conditions  existing  on  the  old  route 
after  the  viaduct  was  opened. 

The  number  of  vehicle-  entering  or  leaving  the 
viaduct  between  the  stations  was  less  than  on  the  old 
route  and  the  proportion  of  ears  timed  was  therefore 
higher.  During  1 1  hours  of  observation  29,700  license 
numbers  were  recorded  at  the  1  stations  out  of  a  pos- 
sible 34,000.  Of  the  numbers  listed  16,800  were 
matched,  giving  the  trip  time  of  8,400  vehicles.  On 
the  average  87  percent  of  the  passing  vehicles  were 
listed,  and  4'.)  percent  were  timed. 

The  large  number  of  licenses  listed  during  the  obser- 
vations on  the  old  route  and  the  variations  in  trip  time 
caused    by    the    bridge   openings   would    have    made  the 

matching  of  numbers  by  inspection  an  almost  impossible 
task.  This  work  was  greatly  facilitated  by  the  use  of 
sorting  and  tabulating  machines,  the  field  record  being 
transferred  to  punch  cards  and  the  matching  accom- 
plished mechanically.  The  license  numbers  listed  in 
the  time  study  on  the  viaduct  were  matched  by  inspec- 
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Figure  2. — Variation  in  the  Trip  Time  of  Passenger  Cars 
on  the  Ground-Level  Route  Between  Tonnelle  Circle 
and  the  West  End  of  the  Viaduct,  with  Volume  of  Traf- 
fic and  Frequency  of  Bridge  Openings. 

tion  as  the  number  of  them  was  much  smaller  with  little 
variation  in  individual  trip  times. 

DEFINITE    RELATION    FOUND    BETWEEN    TRIP    TIME,    VOLUME    OF 
TRAFFIC  AND  BRIDGE  OPENINGS 

Data  from  the  field  records  as  analyzed  and  tabulated 
consisted,  for  each  selected  period  of  time  and  for  each 
desired  combination  of  stations,  of  a  chronological 
listing  of  vehicles  according  to  time  of  arrival  at  the 
entering  station  together  with  trip  time  to  the  leaving 
station.  The  fluctuation  in  trip  time  from  minute  to 
minute  could  be  observed  and  compared  to  variation 
in  traffic  volume,  and  also,  on  the  old  route,  to  the 
number  of  bridge  openings.  This  tabulation  was  di- 
vided into  hourly  periods  arranged  to  give  the  greatest 
possible  variation  in  traffic  volume  and  the  number  of 
bridge  openings,  and  the  trip  times  in  each  hour  period 
were  averaged.  The  average  times  were  then  plotted 
against  traffic  volume  and  bridge  openings  during  the 
corresponding  periods. 

The  traffic  volume  at  the  Hackensack  River  Bridge 
was  used  in  estimating  the  average  daily  traffic  on  the 
old  route.  The  openings  of  the  two  bridges  were  com- 
bined, the  assumption  being  that  the  interruption  to 
traffic  was  equivalent  to  that  of  one  bridge.  The 
graph  indicated  a  definite  relationship  between  trip 
time,  traffic  volume,  and  bridge  openings,  and  a  series 
of  curves  was  fitted  to  the  data  by  means  of  a  multiple 
correlation  to  establish  this  relationship  mathematically. 
Similar  curves  were  fitted  to  the  data  for  trip  time  on 
the  viaduct. 
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Figure  3. — Variation  in  the  Trip  Time  of  Passenger  Cars 
on  the  Ground-Level  Route  Between  West  Side  Park 
and  the  West  End  of  the  Viaduct,  with  Volume  of  Traffic 
and  Frequency  of  Bridge  Openings. 
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Figure  4. 
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on  the  Viaduct,  with  Volume  of  Traffic. 

These  curves  showed  the  effect  of  the  volume  of 
traffic  on  the  old  route  as  measured  at  the  Hackensack 
River  Bridge  and  the  combined  number  of  bridge 
openings  per  hour  at  both  bridges  on  the  normal  trip 
time  for  passenger  cars,  light  trucks,  and  heavy  trucks 
between  the  west  end  of  the  viaduct  and  Tonnelle 
Circle,  and  also  for  the  same  classes  of  vehicles  along 
Communipaw  Avenue.  Figures  2,  3,  and  4  show  curves 
for  passenger  cars  only  on  the  old  route  and  on  the 
viaduct.  The  curves  give  the  normal  trip  time  on  the 
old  route  for  any  combination  of  volume  of  traffic  per 
hour  from  0  to  2,200,  and  from  0  to  4  bridge  openings 
per  hour.  They  show  the  normal  trip  time  on  the 
viaduct  for  any  volume  of  traffic  from  0  to  2,200 
vehicles  per  hour.  This  range  in  traffic  volume  and 
rate  of  bridge  openings  covered  all  observed  fluctuations. 

In  order  to  establish  the  weighted  average  trip  time 
throughout  the  day  it  was  necessary  to  estimate  accu- 
rately the  volume  of  traffic  during  each  hour  of  the  day 
for  the  various  classes  of  vehicles  in  each  direction,  and 
also,  for  traffic  on  the  old  route,  the  average  number  of 
bridge  openings  for  every  hour  of  the  day.  Knowing 
this,  the  trip  time  for  every  hour  of  the  day  for  any 
type  of  vehicle  could  be  determined  from  the  curves. 
The  average  trip  time  for  each  type  of  vehicle  was 
obtained  by  multiplying  trip  time  for  each  hour  and 
for  each  direction  by  the  number  of  vehicles  for  each 
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General  View  of  Viaduct.     The  Communipaw  Avenue  Route  Can  Re  Seen    \t  the  Right. 


corresponding  hour  and  direction,  totaling  these  prod- 
ucts and  dividing  by  the  total  number  of  vehicles  of 
the  given  type  for  the  day.  Weighted  average  trip 
times  of  passenger  cars,  light  trucks,  and  heavy  trucks 
were  thus  obtained  for  week  days,  Saturdays,  and 
Sundays  and  holidays.  Tbe  trip  time  of  busses  was 
originally  recorded  separately,  but  the  number  of  bus 
trips  was  insufficient  to  establish  a  definite  relationship 
with  traffic  or  bridge  openings.  As  the  busses  consti- 
tuted a  small  percentage  of  total  traffic,  they  were 
considered  as  passenger  cars  in  this  analysis.  Tbe  trip 
time  of  busses  appears  to  approximate  very  closely 
that  of  passenger  cars,  and  if  it  is  desired  to  estimate 
the  time  savings  to  busses,  tbe  trip-time  curves  of 
passenger  cars  may  be  used. 

It  was  evident  that  in  order  to  establish  reliable 
averages  for  traffic  during  each  hour  of  the  day  careful 
estimates  were  necessary.  Numerous  traffic  counts 
made  by  the  State  Highway  Department  were  available 
for  the  year  1932.  These  records  consisted  largely  of 
counts  at  the  Hackensack  River  Bridge,  made  in  8-hour 
shifts,  and  gave  the  volume  of  traffic  per  hour  in  cither 
direction,  classified  as  passenger  cars,  light  trucks,  and 
heavy  trucks.  In  numerous  cases  shifts  were  arranged 
to  give  a  continuous  16-hour  count  and  for  several 
consecutive  days  24-hour  counts  were  available.  From 
these  counts  it  was  possible  to  compute  the  normal 
percentage  of  total  daily  traffic  in  each  8-hour  shift, 
and  to  raise  all  counts  to  their  24-hour  equivalents. 

TRAFFIC  COUNTS  CORRECTED  FOR  SEASONAL  VARIATION    BY   1  Si: 
OF  HOLLAND  TUNNEL  RECORDS 

The  first  step  in  analyzing  the  available  traffic 
records  was  to  estimate  the  average  daily  traffic  east- 
bound  and  west-bound  for  week  days,  Saturdays,  and 
Sundays  and  holidays.  While  the  traffic  record-  were 
large  in  number  the  counts  had  not  been    made  on  a 


schedule  such  that  a  simple  average  of  counts  would 
give  proper  weight  to  the  seasonal  variations  in  traffic. 
However,  complete  and  detailed  traffic  records  for 
every  day  in  the  year  at  the  Holland  Tunnel  were  made 
available  through  the  courtesy  of  the  Port  of  .New  York 
Authority.  A  comparison  of  the  individual  traffic 
counts  at  the  Hackensack  River  Bridge  (raised  to  a 
24-hour  basis)  with  Holland  Tunnel  records  for  the 
same  days,  established  that  there  was  a  constant  ratio 
between  the  traffic  volumes  at  the  two  points  and  that 
the  seasonal  fluctuations  were  similar.  The  average 
ratios  of  Hackensack  River  Bridge  counts  to  Holland 
Tunnel  counts  were  computed  for  both  directions  on 
week  days,  Saturdays,  and  Sundays  and  holiday-. 
These  average  ratios  wen'  then  applied  to  the  24-hour 
counts  at  the  Holland  Tunnel  for  the  corresponding 
days  (obtained  from  the  complete  year's  record)  to 
estimate  the  average  daily  traffic  at  the  Hackensack 
River  Bridge  as  shown  in  table  1. 

While  large  variations  occurred  in  the  total  daily 
traffic  in  various  months  of  the  year,  the  percentage 
distribution  through  the  hours  of  the  day  remained 
constant.  It  was  possible  to  compute  from  thes< 
records  a  reliable  index  showing  the  percentage  of 
total  daily  traffic  traveling  during  each  hour  of  the 
day  for  week  days,  Saturdays,  ami  Sundays  and  holi- 
days for  both  east-bound  and  west-bound  traffic. 
These  indices  when  applied  to  the  daily  traffic  gave 
estimates  of  the  average  hourly  traffic  of  all  classes 
of  vehicle-. 

The  New  Jersey  State  Highway  Commission  main- 
tains accurate  records  of  the  operation  of  all  draw 
bridge-  under  its  jurisdiction,  which  -how  the  time  of 
occurrence  and  the  duration  of  every  draw  opening 
An  examination  of  the  records  for  the  Hackensack  and 
I'assaic  River  Bridges  for  L932  showed  that  openings 
of  .">  minute-'  duration  greatly  predominated,  regard- 
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Table   1. — Estimates  of  average  daily  traffic  at  the  Hackensack 
River  Bridge  during  1982 


Ratio 

Hacken- 

Estimated 

Average 

sack 

average 

daily 

River 

daily 

Day  and  direction 

traffic, 

Bridge 

traffic  at 

Holland 

traffic  to 

Hacken- 

Tunnel 

Holland 

sack  River 

Tunnel 

Bridge 

traffic 

Week  day: 

East-bound 

14,  339 
14,175 

1.314 
1.312 

18,800 

West-bound .       

18,  600 

Total        

28,  514 

1.312 

37, 400 

Saturday: 

East-bound - 

15, 891 

1.244 

19, 800 

West-bound _  

17,  407 

1.206 

21,000 

Total 

33,  357 

222 

III    Mill 

Sundays  and  holidays: 

East-bound . 

20.  747 
19,  821 

1.191 
1.240 

24,700 

West-bound _   _ 

24, 600 

Total 

40,  568 

1.214 

49, 300 

Total  yearly  traffic: 


1  '<  h  iclrs 


Holland  Tunnel  (recorded) - 11,433,847 

Hackensack  River  Bridge  (estimated) 14,000,000 

less  of  time  of  day,  and  the  average  duration  of  all 
openings  was  very  nearly  five  minutes.  Accordingly, 
the  average  opening  was  assumed  to  be  5  minutes,  and 
computations  were  based  on  the  number  of  openings 
rather  than  their  duration.  As  previously  explained, 
the  two  bridges  were  treated  as  a  single  bridge  The 
combined  average  number  of  openings  for  every  hour 
of  the  day  was  computed  for  week  days  (including 
Saturdays'),  and  for  Sundays  and  holidays.  Saturdays 
were  included  with  week  days,  as  openings  on  Satur- 
days were  found  to  correspond  closely  with  those  of 
other  week  days.  According  to  the  New  Jersey  State 
Highway  Commission,  the  total  number  of  bridge 
openings  of  these  tw'o  bridges  during  1932  was  less  than 
in  any  other  year  since  1926  and  was  only  one  half  the 
number  during  1929.  There  is  every  indication  of  an 
increasing  number  of  openings  in  future  years,  and 
consequently  more  frequent  interruptions  to  traffic. 

LARGE  VOLUME  OF  TRAFFIC  DIVERTED  TO  VIADUCT 

These  data  in  conjunction  with  the  estimates  of  the 
hourly  volume  of  traffic  were  used  to  estimate  the  various 
average  trip  times  during  every  hour  of  the  day,  and 
from  these  the  weighted  average  trip  times.  Table  2 
shows  the  steps  in  the  computation  of  the  weighted 
average  trip  time  on  the  old  route  between  the  west  end 
of  the  viaduct  and  Tonnelle  Circle  for  east-bound  pas- 
senger cars  on  a  wreek  day.  Column  1  of  the  table  is 
the  estimate  of  total  hourly  traffic  at  the  Hackensack 
River  Bridge,  while  column  2  is  the  average  number  of 
bridge  openings  per  hour.  The  use  of  the  figures  in 
these  two  columns  in  conjunction  with  the  trip-time 
curves,  figure  2,  results  in  the  average  trip  time  for 
each  hour  of  the  day,  column  3.  Car-minutes  are  ob- 
tained by  multiplying  the  trip  time  for  each  hour  by  the 
number  of  passenger  cars  per  hour,  column  4.  The 
weighted  average  trip  time  for  the  day  is  total  car-min- 
utes divided  by  total  cars,  which  in  this  case  is  12.1 
minutes. 

Having  established  an  accurate  estimate  of  average 
daily  traffic  at  the  Hackensack  River  Bridge  it  was 
necessary  to  estimate  the  division  of  traffic  at  the  inter- 
section of  Communipaw  Avenue  and  the  highway  to 
Tonnelle  Circle  near  West  Side  Park.     Only  scattering 


Table  2. — Computation  of  weighted  average  trip  time  for  week-day 
east-bound  passenger  cars  traveling  on  the  grovnd-level  route 
between  the  west  end  of  the  viadxiet  and  Tonnelle  Circle 


Hours 


12  to  1  a.m. 

1  to  2  a.m.. 

2  to  3  a.m.. 

3  to  4  a.m.. 

4  to  5 a.m.. 

5  to  6  a.m . . 

6  to  7  a.m.. 

7  to  8  a.m.. 

8  to  9  a.m.. 

9  to  10  a.m. 

10  to  11  a.m 

11  to  12  a.m 

12  to  1  p.m. 

1  to  2  p.m.. 

2  to  3  p.m.. 

3  to  4  p.m.. 

4  to  5  p.m.. 

5  to  6  p.m.. 

6  to  7  p.m.. 

7  to  8  p.m.. 

8  to  9  p.m.. 

9  to  10  p.m. 

10  to  11  p. in 

11  to  12p.m 

Total. 


(1) 

Total 
traffic 

Hacken- 
sack 
Bridge 


420 

280 

150 

140 

150 

200 

460 

870 

1,120 

1,240 

1,210 

1,  130 

980 

980 

920 

1,  100 

1,380 

1,430 

1,130 

1,010 

850 

730 

480 

440 


(2) 

Number 
of  bridge 
openings 
per  hour 


IS,  Mill 


0.95 
.95 
.82 
.74 
.97 
1.39 
2.20 
2.91 
2.92 
3.09 
3.25 
3.14 
3.60 
3.27 
3.01 
2  76 
J  73 
2.43 
2.  37 
1.78 
1.53 
1.22 
1.44 
o  so 


(3) 

Trip  time 
of  passen 
ger  cars, 
minutes 


9.7 
9.6 
9.2 
9.1 
9.4 
9.9 
11.0 
12.1 
12.5 
13.1 
13.1 
12.8 
12.7 
12.5 
12.2 
12.3 
13.3 
13.3 
12.1 
11.4 
10.9 
10.5 
10.4 
9.6 


(4) 


Number 
of  passen^ 
ger  cars 


364 
233 
108 
90 
84 
101 
263 
572 
798 
908 
897 
829 
715 
710 
680 
849 
1,138 
1,  207 
956 
844 
706 
598 
437 
398 


14,485 


(3)X(4) 


Car-min- 
utes per 
hour 


3,531 

2,237 

994 

819 

790 

1,000 

2,893 

6,921 

9,975 

11,895 

11,751 

10,611 

9,080 

8,875 

8,296 

10,  443 

15, 135 

16, 053 

11,568 

'l.  022 

7,  695 

6,279 

4,545 

3,821 


174, 829 


Weighted  average  trip  time=174,829-fT4,  485=12.1  minutes. 

counts  were  available  at  this  point,  but  they  were  suffi- 
cient to  establish  a  reliable  percentage. 

The  number  of  traffic  counts  at  the  Hackensack 
River  Bridge  after  the  opening  of  the  viaduct  was 
insufficient  to  set  up  accurate  ratios  with  Holland  Tun- 
nel traffic.  However,  using  the  percentage  distribution 
of  traffic  through  the  hours  of  tbe  day  as  determined 
from  the  previous  records,  it  was  possible  to  raise  the 
traffic  counts  to  estimated  24-hour  traffic,  and  to  cor- 
rect this  estimate  for  seasonal  fluctuations  by  means  of 
the  seasonal  index  for  Holland  Tunnel  traffic.  In  no 
case  did  these  corrected  individual  estimates  differ 
materially  from  each  other  and  it  was  felt  that  an  aver- 
age of  them  would  indicate  the  daily  traffic  accurately. 
Table  3  shows  these  estimates  of  traffic  before  and  after 
the  opening  of  the  viaduct.  Estimates  are  given  of 
the  volume  of  traffic  between  Tonnelle  Circle  and  the 
west  end  of  the  viaduct,  and  between  West  Side  Park 
and  the  wTest  end  of  the  viaduct  along  Communipaw 
Avenue.  The  total  of  these  equals  the  estimated  traffic 
at  the  Hackensack  River  Bridge  shown  at  the  right  of 
the  table.  The  difference  in  these  two  estimates,  that 
is,  the  reduction  in  traffic  volume  on  the  oid  route  after 
the  opening  of  the  viaduct,  appears  at  the  bottom  of 
the  table. 

VIADUCT  RESULTS  IN  LARGE  SAVING  IN  VEHICLE  TIME 

The  great  difference  in  the  volume  of  traffic  traveling 
between  Tonnelle  Circle  and  the  west  end  of  the  via- 
duct, before  and  after  the  opening  of  the  viaduct,  may 
be  considered  as  a  measure  of  the  traffic  which  has  been 
diverted  to  the  viaduct,  and  which  unquestionably 
benefits  by  the  saving  in  time  between  these  points. 
Table  3,  however,  shows  that  this  difference  in  traffic 
to  and  from  Tonnelle  Circle  accounts  for  only  a  part 
of  the  total  reduction  in  traffic  on  Communipaw  Ave- 
nue at  the  Hackensack  River  Bridge.  This  may  be 
explained  by  the  fact  that  previous  to  the  opening  of 
the  viaduct,  traffic  destined  to  the  George  Washington 
Bridge  and  towns  north  of  Tonnelle  Circle  was  routed 
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Table  3. — Daily  traffic  at   the  Hackcnsack  River   Bridgt   and  tht    amount  of  this  traffic  entering  and  leaving  tht    routi  at    TonnelU 

1      i  h  and  al  the  West  Side  Park 

DAILY   TRAFFIC    BEF0R1      I  III     OPENING  OF   THE  VIADUCT 


\\  eefe  day .. 

Saturday 

Sundays  and  holidays. 


T 'I  from  Tonnelle  » 'irele 


Passen- 
gei  cai 


1 1,  is;, 
23,  212 


Light 
trucks 


1,625 

I,  193 

688 


Heavy 

'links 


Total 


is,  ui',11 


[,950 

:u.:io 


To  and  from  West  Side  I 


i  ,,i:i!  ',i  1 1  ,   ii-,,  ken  '"  l.  n  i\  ei  Hi  id|  e 


Passen- 
ger cars 


I  1,  185 
U',  198 

n,.  i;  i 


I  !r;,\  J 

trucks        trucks 


2,  1 55 

1,  192 

689 


2.  7IKI 

1,353 

427 


1 


15,043 


trucks 


28,970  j        3,780 
35.  71(1  2,  385 

17. 070  1,377 


Heavy 

11  llrk- 


1,650 

2.  7(1.', 
853 


37,400 


DAILY   TRAFFIC   AFTER  THE   OPENINO   OF   THE  VIADUCT 


Week  day. 

Saturday 

Sundays  and  holidays. 


790 

376 

634 

1,936 

236 

64 1 

796 

IS 

10 

1,800 

2,813 

830 


10,500 

1,600 

2.  7(10 

1  l.soo 

1 1 .  290 

1,976 

11,894 

■  in 

1,353 

11.  1S7 

13,830 

1,  17(1 

'J,  144 

331 

292 

9,770 

9,  (MO 

352 

:t.  33 1 
1,994 


16,600 

17.  (Kill 
10,600 


Week  day 

Saturday 

Sundays  and  holidays.. 


DAILY    TRAFFIC   DIVERTED   TO   THK    VIADl   i    I 


13,  our) 

1.249 

1,316 

16,260 

3,985 

555 

21,276 

957 

711 

22,  911 

604 

252 

29,800 

670 

410 

30,  880 

7,330 

355 

0 
0 

135 


4,540 

856 

7,820 


17,680 
21,880 
37,  130 


1,209 
1,025 


1,316 

711 
545 


20,  500 
38,700 


through  West  Side  Park  to  Hudson  Boulevard  to  reduce 
congestion  at  Tonnelle  Circle.  All  such  traffic  is  un- 
doubtedly now  using  the  viaduct,  and  it  is  reasonable 
to  assume  that  it  benefits  by  a  saving  in  trip  time  at 
least  as  great  as  that  of  the  traffic  which  was  routed 
through  Tonnelle  Circle. 

Accordingly,  two  estimates  have  been  prepared  for 
the  total  vehicular  time  saved  by  the  viaduct.  The 
first  of  these  includes  only  savings  to  those  vehicles 
which  previously  traveled  between  Tonnelle  Circle  and 
the  west  end  of  the  viaduct,  and  is  termed  the  minimum 
estimate.  The  second,  or  maximum  estimate,  is  based 
on  the  total  reduction  of  traffic  at  the  Hackcnsack 
River  Bridge,  with  the  assumption  that  all  of  these 
vehicles  have  been  diverted  to  the  viaduct  and  benefit1 
by  a  saving  in  trip  time  at  least  equal  to  that  of  the 
traffic  previously  routed  through  Tonnelle  Circle. 

Table  4  is  a  comparison  of  the  weighted  average  trip 
time  of  the  various  classes  of  vehicles  before  and  after 
the  opening  of  the  viaduct.  It  is  evident  that  in  addi- 
tion to  a  considerable  time  saving  to  those  vehicles 
which  now  use  the  viaduct,  there  is  also  a  noticeable 
time  saving  per  trip  between  various  points  on  the  old 
route  because  of  the  lessened  volume  of  traffic  now 
existing. 

Table  5  is  an  estimate  of  the  total  yearly  saving  in 
vehicle  minutes  to  this  traffic.  The  average  daibj 
traffic  multiplied  by  the  saving  per  trip  in  minutes 
gives  the  average  vehicle  minutes  saved  per  day  and 
this  multiplied  by  the  number  of  days  per  year  gives 
the  total  saving  per  year  in  vehicle  minutes.  For  ex- 
ample, table  3  shows  that  on  week  days  700  passenger 
cars  per  day  now  travel  on  the  old  route  between 
Tonnelle  Circle  and  the  west  end  of  the  viaduct.  From 
table  4  the  weighted  average  trip  time  for  vehicle- 
making  this  trip  before  the  opening  of  the  viaduct  was 
12.0  minutes,  and  after  the  opening  of  the  \  induct  1  1.0 
minutes,  a  saving  of  1.0  minute  per  trip.  Seven  hun- 
dred and  ninety  vehicles  per  day  multiplied  l>\  L.O 
minute  gives  790  vehicle-minutes  saved  each  week 
day,  multiplied  by  254  gives  an  estimate  of  201,000 
vehicle-minutes  per  year.  The  total  yearly  saving  for 
all  types  of  vehicles  resulting  from  reduced  traffic  con- 
gestion on  the  old  route  is  5,542,000  vehicle-minutes 
per  year. 


Table  4. — Summon!  of  average  trip  lions  m  minutes 

ON    GROUND-LEVEL    ROUTE    BETWEEN    WEST    SIDE    PARK    AM) 
WEST    KM  i    or   VIA  Di  (    I 


Passenger  cars 

Light  trucks 

Heavy  trucks 

Be- 
fore 
,, pen- 
inn 
via- 
duct 

After 
open- 
ing 
via- 
duct 

Sav- 
ing in 
lime 

Be- 
fore 
open 
ing 

via- 
duct 

After 

open- 
ing 
via- 
duct 

Sav- 
ing in 
time 

Be- 
fore 
open- 
ing 

via- 
duct 

8.9 
9  2 
10.5 

After 
open 
inn 
via- 
duct 

8.2 
8.4 

6.7 

Sav- 
ing in 
time 

Week  days 

7.2 
7.3 
8.7 

6.  6 
6  6 
5  1 

0.6 

.7 
3.3 

8.  2 
s    1 
7.9 

7.5 
7.6 
6.  0 

0.7 
.8 
1.9 

0.7 

Saturdays 

.8 
3.8 

ON   QROUND-LEVEL  ROUTE   BETWEEN   TONNELLE   CIRCLE   AND 
\\  EST    KM)    OK    VIADl  (    I 


Week  days. 

Saturdays 

Sundays  and  holidays... 


12.0 

11    0 

1    0 

13  9 

13.0 

o  9 

11 .9 

l  1.3 

12.2 

11.0 

1.2 

14  2 

13.0 

1.2 

15.3 

I  l.  5 

14.0 

'.!    5 

1  5 

11.0 

2  0 

is  5 

12.4 

n  6 

.8 

6.1 


ON    GROUND-LEVEL    ROUTE    AND    ON    VIADUCT    BETWEEN    TON- 
NELLE   CIRCLE    AND   WEST    END   OF   VIADUCT 


Week  daj  s 

Saturdays 

Sundays  and  holidays 


12  0 

2  5  7 

,3 

'  13.9 

■  6.  1 

7.5 

'  14.0 

■'  7.  5 

'  12.2 

■'  :,  8 

6    1 

'  14.2 

-'  6   1 

7  s 

'  15.3 

-  7  6 

'  14.0 

I  6.0 

s  0 

I  13.9 

-  6  6 

7.3 

i  18.5 

s    II 

7.4 
7.7 
10.5 


1  On  ground-level  route. 

'•'  On  viaduct . 

Table  6  is  an  estimate  of  the  yearly  saving  prepared 
in  the  same  manner  for  the  vehicles  which  previously 
traveled  on  the  old  route  between  Tonnelle  Circle  and 
the  west  end  of  the  viaduct  and  which  now  use  the 
viaduct.  This  estimate,  which  litis  been  termed  the 
minimum  estimate,  is  49,130,000  vehicle-minutes  per 
year.  To  this  is  added  the  saving  to  vehicles  -till 
using  the  ground-level  route,  the  final  minimum  esti- 
mate being  54,672,000  vehicle-minutes  saved  per  year. 

Table  7  is  tin  estimate  of  the  yearly  saving  if  the 
saving  per  trip  is  assumed  to  appbj  to  the  total  reduc- 
tion in  traffic  on  the  old  route,  the  maximum  estimate. 
This  estimate  is  60,563,000  vehicle-minutes  per  year, 
or  66,105,000  when  the  saving  to  vehicles  still  using 
the  ground-level  route  is  added.  In  till  of  these  tables 
i  he  tot  al  estimated  saving  is  a  sum  of  separate  estimates 
lor  passenger  cars,  light  truck-,  and  heavy  trucks,  and 
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Table  5. — Estimate  of  time  saved  per  year  by  vehicles  using  the 
ground-level  route  after  the  opening  of  the  viaduct 

BETWEEN'    TONNELLE    CIRCLE    AND   THE    WEST   END    OF   THE 
VIADUCT 


Week  day: 

Passenger  cars  - 

•Light  trucks 

Heavy  trucks. 

Saturday: 

Passenger  cars 

Light  trucks 

Heavy  trucks 

Sundays  and  holiday* 
Passenger  cars. 

Light  trucks 

llea\  y  trucks 


Daily 
traffic 


790 
371! 
634 

,  936 
236 

641 


Minutes 

saved  per 

trip 


1.0 

.9 
.  6 

1   2 
1.2 


4.5 
2.  9 
6.  1 


Vehicle-minutes  sa\  ed 


Per  day 


7(11) 
338 
380 

J,  323 
283 
5 1 3 

3,  .5*2 


Number 

of  da.\  S 


25 1 
254 

25  I 

52 
52 
52 


Per  year 


'Jill,  III  10 
86,000 
97,  000 

121,000 
15,000 

.'7,  0U0 

211,000 
3,000 
6,  000 


BETWEEN    WEST    SIDE    FAKK    AND    THE    WEST    END    OF    THE 
VIADUCT 


Week  day: 

Passenger  cars 

Light  trucks 

Heavy  trucks . 

Saturday: 

Passenger  cars 

Light  trucks. ... 

Heavy  trucks. . 

Sundays  and  holidays: 

Passenger  cars 

Light  trucks  . . 

Heavy  trucks 


1(1.  .Mill 

ii  6 

li.  30(1 

'.'.',4 

1,600 

, 

1,  120 

254 

2,  71  in 

1,890 

254 

11.  MM 

.7 

8,  32H 

-,'i 

1)411 

.  s 

752 

52 

1,353 

.  8 

1,1  IV-' 

52 

9,  144 

3.3 

30. 1 75 

334 

1.9 

(137, 

all 

292 

:■;  s 

i.  uii 

59 

1,600,000 
284,000 
480,  000 

433.  000 
39,000 
56,000 

1,780,000 
38,000 
65,000 


Total  vehicle-minutes  sored  per  year 

Passenger  cars 4,  340,  000 

Light  trucks 40."),  000 

Heavy  trucks       731,000 


Total .-),  542,  000 


these  estimates  are  shown  in  detail.  The  yearly 
savings  for  the  various  classes  of  vehicles  for  the  mini- 
mum and  maximum  estimates  are  summarized  in 
table  8. 

The  construction  cost  of  the  viaduct  was  approxi- 
mately $19,300,000.  In  the  original  economic  study 
by  the  State  authorities  it  was  assumed  that  the  money 
value  of  the  prospective  savings  could  be  capitalized 

Table  0. — Minimum  estimate  of  time  saved  per  year  by  vehicles 
which  previously  traveled  on  the  ground-level  route  between 
Tonnelle  Circle  and  the   ires!  end  if  the  riudurl 


Daily 

vehicles 

Minutes 
saved 
per  triii 

Vehicle-minutes  sa\  ed 

Per  day 

Number 
of  days 

Per  year 

Week  day: 

Passenger  cars.       

13,  695 
1,  249 

1.3  III 

21.271; 

957 
711 

29,  800 
670 
410 

6.3 
7.5 
7.4 

6.4 
7.8 

7.  7 

8.0 
7.3 
10.  5 

86,  278 
9,368 
9.  738 

136,  166 
7,465 
5,  475 

238,  400 
4,891 
4.305 

254 
254 
254 

52 
52 
52 

59 
59 
59 

21,915,000 
2, 379, 000 
2.  474,  000 

7  081  000 

Light  trucks 

Heavv  trucks 

Saturday: 

Passenger  cars 

Light  trucks 

388  000 

Heavy  trucks 

Sundays  and  holidays: 

285, 000 

14, 065, 000 
289, 000 
254, 000 

Light  trucks 

Heav v  t rucks 

Total  vehicle-minutes  saved  per  year 


Passenger 
cars 

Light 
trucks 

Heavy 
trucks 

Total 

On  the  viaduct 

43,061,000 
4,  346,  000 

3,  056, 000 
465,  000 

3,013,000 
731,000 

49, 130, 000 
5, 542, 000 

On  the  ground-level  route.   - 

Total  

47.  407.  000 

3,521,000 

3,  744, 000 

54  672  000 

Traffic  Delayed  on  Communipaw  Avenue  as  a   Result  of  Bridge  Opening. 


February  1934 
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Table  7. — Maximum   estimate  of  time  saved  per   year   by  total 
vehicles   diverted  to  the   viaduct  from   Communipaw   Avenue 


Week  day: 

Passenger  cars 

Light  trucks 

Heavy  trucks 

Saturday: 

Passenger  cars 

Light  trucks 

Heavy  trucks 

Sundays  and  holidays 

Passenger  cars 

Light  trucks 

Heavy  trucks 


Daily 
vehicles 


17,680 
1,804 

i,  ;m 

21,880 

1,209 

711 

37, 130 
1,025 

545 


Minutes 

saved 

per  trip 


6.3 
7.5 
7.4 

6.4 
7.8 

7.7 

8.0 
7.3 
10.5 


Vehicle-minutes  saved 

Per  year 


Per  day 


111,384 

13,  530 
9,  73S 

140,  032 
9,430 
5,475 

297,  040 
7,482 
5,722 


Number 
of  days 


254 
254 
254 

52 
62 

52 

59 
59 
59 


28,  292,  000 
3,437,000 

2,  473,  000 

7,  282,  000 
490, 000 
285,  000 

17,525,000 
441,000 
338, 000 


Total  vehicle-minutes  saved  per  year 


Passenger 
cars 

Light 
trucks 

Heavy 
trucks 

Total 

On  the  viaduct 

53, 099, 000 
4, 346, 000 

4, 368, 000 
465, 000 

3, 096, 000 
731, 000 

60, 503, 000 
6,  542, 000 

On  the  ground-level  route 

Total 

57,  445, 000 

4, 833, 000 

3, 827, 000 

66, 105, 000 

Table  8. — Summary  of  vehicle-minutes  saved  per  year  by  type  of 

vehicle 


Passenger  cars 
Light  trucks- 
Heavy  trucks. 

Total  ... 


Minimum 
estimate 


47, 407,  000 
3, 521, 000 
3, 744, 000 

54, 672, 000 


Maximum 
estimate 


57,445,000 
4, 833, 000 
3, 827, 000 

06, 105, 000 


at  6  percent  to  obtain  the  sum  which  might  justifiably 
be  spent  for  the  contemplated  improvements.  Six 
percent  of  the  actual  construction  cost  is  $1,158,000, 
and  in  order  to  justify  the  construction  of  the  viaduct 
on  the  basis  of  the  above  minimum  and  maximum 
estimates  a  vehicle-minute  must  be  valued  at  2.12  or 
1.75  cents. 

CONSTRUCTION  OF  VIADUCT  ADVANTAGEOUS  TO  TRAFFIC   ON 
OTHER   ROUTES 

It  is  emphasized  that  the  above  estimates  of  time 
saved  do  not  include  all  the  savings  which  may  be 
credited  to  the  viaduct.  No  estimate  of  the  value  of 
shortened  travel  distance  has  been  made,  and  the 
traffic  on  the  viaduct  to  which  the  average  saving  in 
trip  time  was  applied  is  not  the  total  volume  of  traffic 
actually  using  the  viaduct.  For  the  maximum  estimate 
the  volume  used  was  20,800  per  day  for  week  days, 
23,800  per  day  for  Saturdays,  and  38,700  per  day  for 
Sundays  and  holidays.  From  the  most  recent  counts 
made  on  the  viaduct  it  is  probable  that  the  actual 
traffic  for  these  days  is  30,000,  35,000,  and  45,000 
vehicles  per  day.  The  viaduct  undoubtedly  has  at- 
tracted a  considerable  volume  of  traffic  which  pre- 
viously avoided  the  route  entirely  because  of  the 
congestion,  and  while  no  estimate  is  possible  of  Hie 
saving  in  time  enjoyed  by  this  additional  traffic,  it 
must  be  considerable.  There  is  also  every  reason  to 
believe  that  the  traffic  on  the  viaduct  wiU  increa-.' 
during  the  next  few  years  to  a  volume  which  could  not 
have  been  adequately  served  by  the  old  route. 

Neither  the  gross  figures  of  estimated  savings  nor 
the  saving  in  flic  average  time  per  trip  gives  the  com- 
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plete  picture  of  traffic  congestion  on  (lie  old  route.    Thi 
intensity  of  (his  congestion  during  hours  of  peak  traffic 

is  illustrated  by  (he  time  study  on  Sunday  evening, 
October  2.  From  6:30  p.m.  on  that  da\  to  9:00  p.m. 
east-bound  traffic  toward  New  York  on  Communipaw 
Avenue  exceeded  1,800  vehicles  per  hour  and  reached  a 
maximum  of  2,11)0,  while  the  bridges  were  opened 
four  times  for  a  total  of  20  minutes.  'The  average  trip 
time  of  passenger  cars  from  the  west  end  of  the  via- 
duct to  Tonnelle  Circle  for  the  whole  period  was  29 
minutes,  while  the  trip  along  Communipaw  Avenue 
required  19  minutes.  During  a  comparable  period  on 
the  viaduct,  Sunday,  May  21,  l!i:>,:;,  the  volume  of 
east-bound  traffic  toward  New  York  was  equally  heavy, 
but  the  average  trip  time  of  passenger  cars  was  only 
G.7  minutes,  and  traffic  congestion  was  not  noticeable. 
The  curves  for  average  trip  time  of  passenger  cars  on 
the  old  route  in  figure  2,  should  be  compared  with  the 
same  curve  for  the  trip  time  on  the  viaduct,  figure  4. 
On  the  old  route,  even  without  bridge  openings,  the 
curve  for  trip  time  rises  very  rapidly  when  the  traffic 
volume  exceeds  1,300  vehicles  per  hour,  indicating 
congestion  beyond  that  point.  On  the  viaduct,  how- 
ever, the  curve  of  trip  time  does  not  show  any  such 
marked  increase  up  to  2,200  vehicles  per  hour,  the 
maximum  traffic  observed.  On  the  old  route  during 
the  average  week  day,  traffic  exceeded  1,300  vehicles 
per  hour  in  one  direction  or  both  during  2  hours  of  the 
day,  on  Saturdays  during  5  hours,  and  on  Sundays  and 
holidays  during  13  hours,  and  the  average  trip  time  of 
passenger  cars  during  these  hours  was  13.2,  14.6,  and 
17.9  minutes,  respectively.  On  the  viaduct  during 
these  same  hours  the  average  trip  time  was  5.8,  6.0, 
and  6.3  minutes. 

The  volume  of  traffic  on  the  old  route  has  been  so 
much  reduced  that  even  during  the  periods  of  heaviest 
traffic  it  does  not  exceed  an  average  of  600  vehicles  per 
hour  in  one  direction  on  Communipaw  Avenue  and 
probably  not  more  than  100  vehicles  per  hour  on  the 
section  north  from  Communipaw  Avenue  to  Newark 
Avenue.  The  result  is  much  greater  freedom  of  move- 
ment for  local  traffic,  particularly  at  the  previously 
congested  intersections.  The  improvement  of  condi- 
tions at  the  junction  where  Newark  Avenue  crosses  the 
old  route  is  an  illustration  of  such  an  advantage. 

Newark  Avenue  (see  fig.  1)  is  the  principal  artery  to 
Jersey  City  and  the  Holland  Tunnel  for  two  important 
local  routes  from  the  west:  the  Belleville  Turnpike, 
serving  the  suburban  communities  of  Montclair,  Glen 
Ridge,  Blooinfield,  and  Belleville;  and  the  Jersey  (  'i(  v 
and  Newark  Turnpike,  serving  the  northern  section  of 
Newark  and  the  Oranges.  In  consequence,  there  is  a 
considerable  volume  of  traffic  on  Newark  A\cnue  west 
of  its  intersection  with  the  old  route,  only  a  compara- 
tively small  amount  of  which  has  been  attracted  to  the 
viaduct.  East  of  the  intersection,  the  volume  of  traffic 
is  considerably  less,  as  a.  large  part  of  the  east-bound 
traffic  turns  left  from  Newark  Avenue  and  proceeds 
through  Tonnelle  Circle,  while  the  west-bound  traffic 
is  increased  by  a  number  of  vehicles  from  Tonnelle 
Circle  turning  right  into  Newark  Avenue.  Previous  to 
the  opening  of  the  viaduct,  the  large  volume  of  east- 
bound  traffic  and  the  heavy  left-turn  movement,  in 
conflict  with  an  even  larger  flow  of  cross  traffic  were 
the  cause  of  a  great  deal  of  congestion.  Traffic  was  oc- 
casionally blocked  in  a  standing  line  as  far  east  as 
Tonnelle  Circle,  a  distance  of  nearly  one  half  mile,  while 
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east-bound  traffic  on  Newark  Avenue  not  infrequently 
was  blocked  in  two  lanes  for  more  than  one  quarter  of 
a  mile. 

The  transfer  of  through  traffic  to  the  viaduct  has 
largely  eliminated  congestion  at  this  intersection  and 
has  resulted  in  a  material  time  saving  to  traffic  using 
Newark  Avenue.  The  relative  magnitude  of  this  saving 
was  obtained  from  detailed  studies  of  travel  time  on 
Newark  Avenue  during  several  hours  of  peak  traffic  in 
the  first  and  second  general  time  studies.  An  electric 
time-recording  device  was  used  to  determine  the  travel 
time  of  vehicles  to  the  nearest  second  over  a  distance 
which  included  all  waiting  and  delay  at  the  intersection. 
East-bound  traffic  was  timed  through  the  intersection 
from  a  point  approximately  800  feet  west,  while  west- 
bound traffic  was  timed  from  a  point  about  350  feet 
east  of  the  intersection. 

The  time  previously  required  for  the  average  vehicle 
on  Newark  Avenue  to  travel  these  distances  during 


hours  of  peak  traffic  was  74.9  seconds  east-bound  and 
56.3  seconds  west-bound.  These  averages  are  based  on 
movement  of  4,700  vehicles  east-bound  and  1,200  ve- 
hicles west-bound,  and  the  average  hourly  flow  during 
the  observations  was  800  and  300.  After  the  viaduct 
was  opened,  2,500  east-bound  vehicles  averaged  34.6 
seconds  over  the  same  distance  and  400  west-bound 
vehicles  averaged  22.4  seconds.  The  corresponding 
hourly  rates  were  700  and  250.  This  indicates  that  for 
nearly  the  same  volume  on  Newark  Avenue  there  has 
been  a  reduction  in  the  time  required  to  pass  through  the 
intersection  of  40.3  seconds  per  car  or  53  percent  for 
east-bound  traffic,  and  33.9  seconds  or  60  percent  for 
west-bound  traffic.  These  results  apply  to  only  a 
limited  period  of  observation,  and  no  effort  was  made  to 
calculate  the  saving  on  a  yearly  basis.  It  is  clear,  how- 
ever, that  it  constitutes  a  very  considerable  item  of 
incidental  benefit  resulting  from  the  new  viaduct 
construction. 


RESULTS  OF  STUDIES  ON  ROGUE  RIVER  BRIDGE  REPORTED 


The  final  report  on  Application  of  Freyssinet  Method 
of  Concrete  Arch  Construction  to  the  Rogue  River 
Bridge  in  Oregon,  by  Albin  L.  Gemeny,  of  the  Bureau  of 
Public  Roads,  and  C.  B.  McCullough,  of  the  Oregon 
State  Highway  Commission,  has  been  published  as  Bul- 
letin No.  2  of  the  Oregon  State  Highway  Commission. 

In  the  Freyssinet  method  hydraulic  jacks  are  placed 
in  open  radial  joints  appropriately  located  in  arch  ribs 
and  used  to  produce  deformations  in  the  arch. 

The  deformations  are  controlled  so  as  to  produce  the 
most  desirable  distribution  of  stress  in  the  ribs,  elimi- 
nating or  mitigating  the  effects  of  volume  changes  in 
the  concrete,  foundation  movements  and  the  indeter- 
minate effect  of  the  spandrel  structure.  The  jacks 
may  be  placed  at  one  or  more  joints.  For  symmetrical 
arches  a  joint  at  the  crown  is  usually  sufficient.  After 
the  arch  has  been  adjusted  to  the  desired  position,  the 
joint  is  filled  and  the  jacks  removed,  after  which  the 
structure  acts  as  the  usual  type  of  fixed  arch.     If  there 


is  reason  to  believe  that  future  adjustments  may  be 
necessary  the  jack  emplacements  may  be  preserved  for 
this  purpose. 

The  Rogue  River  Bridge  is  a  Federal-aid  project  con- 
structed jointly  by  the  Bureau  of  Public  Roads  and 
the  Oregon  State  Highway  Commission.  It  consists  of 
seven  230-foot  spans  with  a  3-span  central  group  on 
elastic  piers  and  a  2-span  group  at  each  end. 

During  the  jacking  operations  careful  measurements 
were  made  of  deformations  and  strains  which  occurred 
in  the  arches  so  that,  at  all  times,  the  effect  of  the  jack- 
ing was  known.  The  report  contains  these  data  in  the 
form  of  charts  and  tables. 

Satisfactory  results  were  obtained  with  the  Freyssinet 
method  in  economy  of  bridge  construction  and  also 
from  the  standpoint  of  certainty  of  stress  action. 

The  Bureau  of  Public  Roads  has  available  a  limited 
supply  of  the  report  for  distribution  to  libraries,  high- 
way bridge  engineers,  and  instructors  in  bridge  design. 


THE  EFFECT  OF  CONTROL  METHODS  ON 

TRAFFIC  FLOW 

Reported  by  E.  H.  HOLMES,  Assistant  Highway  Economist,  Division  of  Highway  Transport,  United  States  Bureau  of  Public  Roads 


Figure  1. — Intersection  of  Constitution  Avenue  and  Seventeenth  Street.     Traffic  Moving  on  Constitution  Avenue. 


STREET  and  highway  intersections  not  only  deter- 
mine the  capacity  of  the  intersecting  ways,  but 
also  may  cause  serious  delay  to  traffic.  The  inter- 
section of  Constitution  Avenue  and  Seventeenth  Street 
in  Washington,  D.C  (fig.  1),  offered  unusual  oppor- 
tunity to  analyze  the  delay  caused  by  different  con- 
trol methods  to  a  moderately  heavy  flow  of  traffic. 
This  is  but  one  of  a  series  of  intersection  studies  now 
being  conducted  by  the  Bureau  of  Public  Roads,  but 
the  methods  used  in  the  collection  of  the  data  and  the 
results  obtained  seem  to  justify  a  special  report  on  this 
particular  study. 

VOLUME   OF   TRAFFIC    NEARLY    CONSTANT   DURING    PERIOD 
OF  STUDY 

The  steady  flow  of  traffic,  both  passenger  and  com- 
mercial, a  flexible  control  mechanism  and  the  absence  of 
other  controlled  intersections  in  the  vicinity  made  this 
an  ideal  intersection  for  such  a  study.  In  addition  to 
vehicle-actuated  control,  the  mechanism  permitted 
fixed-time  control  with  intervals  on  either  street  ranging 
from  15  seconds  to  70  seconds,  irrespective  of  the 
interval  length  on  the  other.  Cooperation  of  the  Park 
Police  made  possible  the  use  of  officer  control,  and  also 
the  study  of  traffic  under  no-control.  The  one-way 
street  entering  from  the  park  (fig.  2)  was  shut  off  during 
the  study,  to  provide  a  true  four-way  intersection. 

The  hours  selected  for  the  study  were  from  9:30  a.m. 
to  4:15  p.m.  This  period  excluded  the  morning  and 
afternoon  rush  hours  and  permitted  the  timing  of  a 


volume  of  traffic  nearly  constant  at  about  2,000  vehicles 
per  hour.  During  this  period  the  effects  of  left  turns 
and  of  pedestrian  movement,  often  considerable  factors, 
were  negligible.  Rush  hour  traffic  was  neglected,  be- 
cause the  intent  of  the  study  was  to  compare  the  time  of 
vehicles  under  a  constant  volume  with  variable  control 
methods,  rather  than  to  determine  how  the  time  might 
vary  with  volume;  and  because  the  rate  of  change  of 
volume  was  so  great  during  the  rush  hour  that  the  flow 
would  not  remain  constant  over  a  long  enough  period  to 
permit  analysis  of  the  lost  time  for  any  given  volume. 

In  the  passage  of  traffic  through  an  intersection,  time 
may  be  lost  in  stopping,  in  deceleration  and  acceleration, 
and  possibly  in  slower  than  normal  driving  in  anticipa- 
tion of  a  signal  change.  The  distance  within  which 
these  delays  occur  may  be  called  the  zone  of  influence  of 
the  intersection  and  varies  in  length  with  the  inter- 
section, and  with  the  speed  of  traffic.  A  graphic  time 
recorder  was  used  to  record  all  vehicles  as  they  entered 
and  left  the  zone  of  influence,  from  which  the  average 
time  per  vehicle  was  determined  as  described  in  the 
Appendix. 

During  the  course  of  observations  at  this  intersection, 
carried  on  during  the  summer  of  1932,  the  movement  of 
traffic  under  no-control,  officer  control,  vehicle-actuated 
control,  and  under  17  different  fixed-time  controls  was 
studied.  Each  timing  or  control  method  was  studied 
for  a  minimum  of  2  to  3  hours,  while  certain  control 
methods  were  observed  for  two  or  more  days.     The 
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time  spent  in  actual  collection  of  data  amounted  to 
about  56  hours,  during  which  over  100,000  vehicles 
were  timed  and  otherwise  noted  during  their  passage 
through  the  intersection. 

Analysis  of  the  time  recorder  charts  showed  the  time 
of  passage  for  the  average  vehicle  entering  on  each  of 
the  four  ways  for  each  control  method.  These  results 
are  summarized  in  table  1,  together  with  the  average, 
weighted  according  to  the  number  of  vehicles,  for  each 
street  and  finally  for  the  entire  intersection.  Since 
Constitution  Avenue  carried,  roughly,  twice  the  volume 
on  Seventeenth  Street,  those  control  methods  which 
gave  a  lower  time  for  the  Constitution  Avenue  traffic 
showed  a  correspondingly  low  figure  for  the  average 
time  for  all  vehicles. 

Table  1. — Average  time  of  vehicle  passage  through  zone  of  influence 
of  intersection  in  seconds 


Timing 

Constitution  A 

venue 

Seventeenth  Street 

Both 

Consti- 

Seven- 

Both 

Both 

streets 

tution 

teenth 

West 

East 

direc- 

North 

South 

direc- 

Avenue 

Street 

tions 

tions 

(') 

(') 

23.8 

25.9 

24.9 

30.1 

28.2 

29.1 

26.3 

(a) 

(2) 

26.8 

29.1 

28.0 

34.6 

33.2 

33.9 

29.9 

15 

15 

29.3 

32.2 

30.9 

32.6 

32.9 

32.8 

31.5 

(3) 

(]) 

28.9 

30.6 

29.8 

35.3 

35.3 

35.3 

31.6 

20 

20 

31.4 

32.4 

31.9 

33.5 

32.0 

32.7 

32.2 

40 

20 

27.6 

28.9 

28.3 

42.0 

41.2 

41.6 

32.7 

30 

15 

29.5 

30.7 

30.2 

41.1 

39.7 

40.4 

33.5 

30 

20 

30.4 

31.3 

30.9 

41.0 

38.3 

39.6 

33.8 

15 

30 

35.8 

38.0 

37.0 

30.9 

29.1 

30.0 

34.9 

30 

30 

33.7 

34.8 

34.3 

37.2 

35.5 

36.2 

34.9 

40 

30 

31.3 

33.3 

32.4 

41.5 

41.7 

41.6 

35.3 

20 

30 

37.0 

36.6 

36.8 

36.0 

34.3 

35.1 

36.2 

60 

30 

29.9 

30.9 

30.5 

61.4 

50.8 

51.1 

37.1 

40 

40 

36.9 

38.0 

37.3 

38.9 

38.9 

38.9 

37.8 

70 

30 

28.4 

29.0 

28.7 

61.1 

55.7 

58.3 

39.0 

50 

50 

41.7 

40.9 

41.3 

40.6 

40.2 

40.4 

41.0 

60 

45 

35.9 

38.4 

37.3 

51.1 

49.5 

60.3 

41.4 

30 

50 

46.0 

46.8 

46.4 

32.9 

32.0 

32.5 

41.6 

60 

60 

44.1 

45.1 

44.6 

48.6 

45.3 

47.0 

45.4 

30 

70 

56.1 

57.3 

56.7 

32.6 

31.7 

32.1 

48.6 

AVERAGE  VEHICLES  PER  HOUR 


625 

740 

1,365 

320 

350 

670 

2,035 

1  No  control. 

2  Officer  control. 

8  Traffic-actuated  control. 

SHORT  LIGHT  INTERVALS  BEST  UNDER  FIXED-TIME  CONTROL 

From  the  figures  in  table  1  there  has  been  derived  the 
following  equation: 

T=  26.4  +  0.04a;  +  0.28?/  (1) 

where  T=  time  for  the  average  vehicle  to  travel  600  feet, 
including  the  intersection. 

x  =  green  interval  on  Constitution  Avenue  (in- 
cluding 3-second  amber  overlap). 

y  =  green  interval  on  Seventeenth  Street  (in- 
cluding 3-second  amber  overlap). 

The  equation  was  obtained  from  a  multiple  correlation 
of  three  variables,  one  T,  dependent,  and  the  others, 
x  and  y,  independent  variables. 

This  equation  shows  that  lengthening  the  light  inter- 
val on  either  or  both  streets  increases  the  average  time 
of  passage.  It  is  to  be  expected  that  lengthening  the 
interval  on  Seventeenth  Street,  which  carries  only  one 
third  of  the  traffic  through  the  intersection,  would 
increase  the  time  of  the  average  vehicle  since  stopping 
the  heavy  traffic  to  permit  the  light  traffic  to  flow  must 
necessarily  result  in  an  increased  time  per  vehicle  when 
the  average  is  appropriately  weighted.  What  is  not 
expected,  however,  is  that  extending  the  interval  on 
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Figure  2.- 


-Plan  of  Intersection  of  Constitution  Avenue 
and  Seventeenth  Street. 


Constitution  Avenue,  the  heavily  traveled  street,  also 
results  in  an  increased  time  for  the  average  vehicle. 

Comparison  of  the  actual  time  period  for  various 
light  intervals  with  the  time  periods  derived  with 
equation  1  shows  that  through  the  middle  of  the  range 
of  light  intervals  studied  the  actual  values  are  less  than 
the  theoretical,  whereas  in  the  upper  and  lower  ranges 
the  actual  times  are  higher. 

It  is  probable  that  decreasing  the  light  interval  below 
a  certain  figure  would  result  in  increasing  the  running 
time,  and  that  inordinately  long  intervals  increase  the 
running  time  disproportionately.  Figures  3,  4,  and  5 
show  the  effect  of  varying  the  light  interval.  Figure  3 
shows  the  effect  of  increasing  the  cycle  length,  using  the 
same  cycle  on  both  streets.  With  an  interval  length  of 
15  seconds  (12  green  plus  3  green  and  amber)  on  each 
street,  or  a  total  cycle  length  of  30  seconds,  the  average 
vehicle  requires  31.5  seconds  to  traverse  the  zone  of 
influence  of  the  intersection.  Maintaining  this  same 
1  to  1  proportioning,  a  cycle  of  120  seconds  increases 
the  running  time  to  over  45  seconds  per  vehicle,  an 
increase  of  nearly  50  percent. 

NO  ADVANTAGE  IN  FAVORING  HEAVILY  TRAVELED  STREET   WITH 
EXTREMELY  LONG  INTERVALS 

Figure  4  shows  the  variation  in  the  running  time  on 
each  street  as  the  green  interval  length  on  Constitution 
Avenue  is  varied  while  the  green  and  amber  interval 
on  Seventeenth  Street  remains  constant  at  30  seconds. 
The  average  vehicle  time  on  Constitution  Avenue  be- 
comes less  as  the  interval  length  is  extended  up  to  about 
40  seconds,  after  which  the  rate  of  decrease  in  running 
time  becomes  increasingly  less.  Meanwhile  the  time 
has  been  increasing  for  the  vehicles  using  Seventeenth 
Street,  with  the  result  that  above  a  40-second  interval 
on  Constitution  Avenue,  the  time  for  the  average  ve- 
hicle begins  to  increase,  even  though  the  more  heavily 
traveled  street  is  the  one  favored  by  the  control.  Fig- 
ure 6  shows  accumulated  traffic  during  a  long  light 
interval. 

Figure  5  shows  the  effect  of  increasing  the  light  inter- 
val on  the  lightly  traveled  street,  while  that  on  the 
heavily  traveled  street  remains  constant.  Here  the 
effect  noticed  in  figure  4  is  more  marked.  While  the 
time  of  the  average  vehicle  on  Seventeenth  Street  de- 
creases but  slightly  through  the  longer  interval  lengths, 
the  time  per  vehicle  on  the  heavily  traveled  street 
mounts  very  rapidly,  and  necessarily  results  in  a  very 
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rapid  increase  in  the  average  time  per  vehicle  for  the 
entire  intersection,  when  the  limes  are  weighted  accord- 
ing to  the  volume  on  each  street 

These  curves  -how    verj   definitely  thai   there  is  no 
advantage  in  favoring  the  heavily  traveled  street  with 
extremely  long  intervals.     When,  following  the  app< 
ance  of  the  green  light,  the  waiting  vehicles  have  been 
cleared  out  and  the  retarding  effect  of  the  stopped  vehi- 
cles on  those  immediately  following  them  has  disap- 
peared, the  flow  of  traffic  through  the  intersection  be- 
comes the  uninterrupted  normal   flow    on   the  streel 
Further  maintaining  of  the  green  interval  does  not  re 
suit  in  a  materia]  saving  of  time  to  vehicles  on  this  streel , 
while  the  aggregate  delay  to  those  vehicles  waiting  on 
the  other  streel  is  mounting  more  and  more  rapidly. 

That  unduly  Ionic  cycle  lengths  are  a  hindrance  to 
the  free  flow  of  traffic  cannot  be  too  strongly  empha- 
sized. Table  2  summarizes  for  easier  comparison  cer- 
tain figures  from  table  1. 

Table  2. — Effect  of  cycle  length  on  time  of  vehicle  passage  through 
zone  of  influence 


Green  and  amber  inter- 

Katio, 

val 

Constitu- 

tion Ave- 

Average 

Cycle 

nue  to 

time  per 

Constitu- 

Seven- 

Seven- 

vehicle 

tion  Ave- 

teenth 

teenth 

nue 

Street 

Street 

Seconds 

Seconds 

Seconds 

s,,nnds 

15 

15 

30 

1  to  1 

31.5 

60 

60 

120 

1  to  1 

45.4 

30 

70 

100 

3  to  7 

48.  C 

30 

15 

45 

2  to  1 

33.5 

15 

30 

45 

1  to  2 

34.9 

60 

30 

90 

2tol 

37.1 

Table  2  reveals  that  the  fastest  movement  under  fixed 
time  is  attained  with  a  setting  of  15  seconds  on  each 
street,  and  that  the  slowest  movement  is  when  the  con- 
trol is  set  at  70  seconds  on  Seventeenth  Street  and  30 
seconds  on  Constitution  Avenue.  This  time,  however, 
is  but  little  higher  than  that  for  an  interval  of  60  seconds 
on  each  street.  The  60 — 60  setting  is  at  one  extreme, 
while  the  15 — 15  is  at  the  other;  the  interval  ratio  is 
the  same  but  the  passage  times  are  the  lowest  and  prac- 
tically the  highest,  respectively 

With  a  signal  setting  of  30  seconds  on  Constitution 
Avenue  and  15  seconds  on  Seventeenth  Street,  the  time 
per  vehicle  is  33.5  seconds.  Reversing  the  timing 
conditions  on  the  two  streets  permits  the  average  ve- 
hicle to  traverse  the  zone  of  influence  in  34.9  seconds, 
an  increase  of  1.4  seconds  per  vehicle.  Using  the  same 
ratio  but  with  a  setting  of  00  seconds  on  Constitution 
Avenue  and  30  seconds  on  Seventeenth  Street,  the 
average  vehicle  time  is  37.1  seconds,  an  increase  of  3.6 
seconds  over  the  30 — -15  setting.  Lengthening  the  cycle 
in  this  case  produced  a  greater  increase  in  the  time  per 
vehicle  than  reversing  the  interval  on  the  two  streets 
while  retaining  the  short  cycle.  At  this  intersection, 
it  was  more  important  that  the  cycle  he  kept  short 
than  that  the  time  within  the  cycle  be  correctly  pro- 
portioned. It  is  understood,  of  course,  that  this  is  not 
a  general  statement  to  include  all  conditions.  Obvi- 
ously it  cannot  be  said  that  with  congested  traffic,  the 
proportioning  is  immaterial,  but  it  is  strongly  emphu- 
sized  that  under  any  conditions  the  cycle  must  be  kept 
as  short,  as  practicable. 
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Figure  C. — Long  Light  Intervals  Under  Fixed  Control 
Resulted  in  Waiting  Lines  and  High  Average  Vehicle 
Time. 

flexible  controls  produce  rapid  vehicle  movement 

The  study  of  each  control  setting  covered  a  period  of 
at  least  2  horns.  This  was  considered  satisfactory  for 
the  fixed  times,  since  the  movement  was  very  regular, 
but  more  study  was  devoted  to  the  flexible  control 
methods  to  insure  that  no  special  condition  might  in- 
fluence the  flow  of  traffic,  which  by  nature  of  the  control 
would  be  somewhat  variable.  Accordingly,  studies  of 
officer  control  included  some  7,200  vehicles,  those  made 
without  control  covered  approximately  11,300  vehicles, 
and  those  under  traffic-actuated  control  covered  over 
20,000  vehicles.  Of  the  three  flexible  methods,  opera- 
tion without  control  produced  the  fastest  movement, 
officer  control  produced  the  next  fastest,  and  the  traffic- 
actuated  resulted  in  the  slowest  movement  of  the  three. 
All  three,  however,  produced  a  faster  movement  than 
any  of  the  fixed-time  controls  with  the  exception  of  the 
15-15  setting. 

No-control  offers  the  highest  degree  of  flexibility  of 
movement  possible,  since  vehicles  from  a  number  o 
entering  ways  may  be  in  the  intersection  at  one  time. 
There  is,  of  course,  a  limit  to  the  volume  which  an  un- 
controlled intersection  may  handle,  but  this  limit  was 
above  the  range  of  these  observations.  During  the 
study  rates  of  over  1 ,000  vehicles  per  hour  for  15-minute 
periods  in  one  direction  on  Constitution  Avenue  and  of 
over  600  per  hour  on  Seventeenth  Street  in  one  direction 
were  recorded.  On  a  per  lane  basis  this  would  be  over 
300  per  hour  per  lane  for  each  direction. 

The  maximum  rate  for  the  entire  intersection  re- 
corded for  any  one  15-minute  period  was  2,260  vehicles, 
divided  as  follows:  Constitution  Avenue  west-bound 
740,  east-bound  710;  Seventeenth  Street  north-bound 
430,  south-bound  380.  On  a  per  lane  basis  these  fig- 
ures become  (approximately)  250,  240,  220,  and  190 
vehicles  per  hour.     Assuming  that  these  figures  per 


lane  can  be  applied  to  a  simple  2-lane  intersection, 
the  volume  would  be  then  900  vehicles  per  hour,  with 
55  percent  on  the  heavier  street.  For  a  4-lane  intersec- 
tion, these  average  figures  per  lane  represent  an  hourly 
rate  of  1,800  vehicles  per  hour.  Such  a  comparison 
must  be  considered  as  merely  an  indication,  however, 
since  the  operating  characteristics  of  a  2-lane  or  of  a 
4-lane  intersection  might  be  quite  different  from  those 
of  this  6-lane  and  4-lane  intersection. 

During  the  studies  no  accident  or  even  near-accident 
was  noted.  Toward  the  late  afternoon,  when  the  traffic 
began  increasing,  free  movement  became  more  difficult 
and  some  confusion  was  apparent.  During  this  period 
of  heavier  traffic  the  vehicle  time  did  not  show  any 
marked  increase,  but  it  was  obvious  that  a  further  in- 
crease in  traffic  would  increase  the  confusion  to  the  point 
of  congestion.  The  vehicle  time  for  the  no-control 
method  was  considerably  less  than  that  for  officer  con- 
trol, the  next  fastest,  which  appears  to  be  due  to  the 
small  number  of  stopped  cars.  The  shortest  light  con- 
trol, and  the  most  efficient  officer  control  must  stop 
some  vehicles  while  under  no-control  almost  all  vehicles 
keep  moving.  Vehicle  movement  under  the  traffic  con- 
ditions studied  here,  even  with  the  necessary  slowing 
down,  is  bound  to  be  faster  than  any  sort  of  regimented 
movement. 

AUTOMATIC  TRAFFIC  LIGHT  ADAPTS  CONTROL  TO  CHANGING 
CONDITIONS 

The  officer  assigned  to  direct  traffic  during  this  study 
was  exceptionally  able  and  active,  and  while  no  doubt 
his  efficiency  was  increased  by  his  knowledge  that  the 
vehicles  under  his  direction  were  being  timed,  he  would 
unquestionably  direct  traffic  in  a  highly  efficient  manner 
regardless  of  scrutiny.  He  used  a  semaphore,  common 
to  Washington,  for  indicating  the  movements,  and  com- 
pelled observance  of  his  signals  by  vigorous  use  of  his 
whistle.  The  longest  tour  of  duty  was  approximately 
2  hours,  but  he  believed  that  with  opportunity  for  a 
short  rest  period  at  about  2-hour  intervals  he  could 
maintain  this  same  efficiency  throughout  an  entire  day. 
These  studies  may  not  be  typical  of  what  an  average 
officer  does,  but  they  show  what  an  efficient  officer  can 
do.  The  time  per  vehicle  was  3.6  seconds  more  than 
that  under  no-control,  but  was  1.6  seconds  per  vehicle 
less  than  the  fastest  light-control  method. 

The  traffic-actuated  control  is  listed  fourth  in  order 
of  time  per  vehicle,  following  the  15-15  setting  of  the 
fixed  time,  but  the  times  of  the  two  are  practically 
identical,  31 .5  seconds  for  the  fixed  time  control  and  31.6 
seconds  for  vehicle-actuated  light  control.  The  15-15 
setting  was  entirely  satisfactory  for  the  volume  of 
traffic  present.  It  is  doubtful  if  this  short  cycle  would 
be  effective  in  very  heavy  traffic,  due  to  the  tendency 
of  vehicles  to  run  through  the  amber  and  into  the 
red  interval  under  such  conditions.  Such  action  was 
noticeable  for  the  extremely  short  cycle  lengths,  even 
with  the  moderately  heavy  traffic  encountered  during 
these  observations.  With  an  impatient  rush-hour 
traffic  such  disregard  of  the  signal  would  result  in 
dangerous  confusion. 

It  is  emphasized  again  that  it  is  not  intended  to  prove 
by  this  study  that  any  one  type  of  control  is  superior 
to  all  others  under  a  variety  of  conditions.  The 
purpose  is  to  find  what  specific  conclusion  can  be 
reached  from  a  study  under  fixed  conditions  except  for 
cycle  arrangement.  The  fact  that  one  fixed-time 
cycle  shows  a  time  per  vehicle  of  slightly  less  than  that 
for  the  traffic-actuated  control  under  the  same  condi- 
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tions  should  not  be  considered  so  significant  as  the 
fact  that  the  shortest  fixed-time  cycle  shows  the  least 
delay  of  all  the  fixed-time  cycles.  The  most  important 
feature  of  traffic-actuated  control  is  its  extreme  flexi- 
bility, and  the  automatic  adaptation  to  changing 
conditions.  It  is  significant  that  this  flexible  control 
automatically  adjusted  itself  to  practically  the  same 
efficiency  as  that  of  the  fixed-time  control  best  adapted 
to  the  conditions  existing  during  the  hours  studied  at 
this  particular  location.  In  addition,  it  was  always 
ready  to  control  traffic  of  a  differont  pattern  with  equal 
efficiency.  No  intersection  operates  under  the  same 
traffic  conditions  from  day  to  day,  and  but  few  from 
hour  to  hour. 

OPERATION  OF  AUTOMATIC  CONTKOL  DESCRIBED 

A  brief  description  of  the  operation  of  this  traffic- 
actuated  control  will  aid  in  understanding  the  signifi- 
cance of  the  figures  in  following  analyses.  The  signals 
themselves  are  the  same  as  in  any  other  light  control, 
but  instead  of  being  actuated  by  a  cam  or  other  con- 
stant-speed mechanism,  the  changes  are  actuated  by  the 
vehicles  passing  through  the  intersection.  The  interval 
lengths  are  determined  by  the  vehicles  approaching  the 
intersection,  which  results  in  continually  varying  cycle 
lengths.  The  particular  device  used  is  ingenious  in 
conception  and  simple  in  operation,  the  various  phases 
of  the  signal  being  initiated  by  the  functioning  of 
electric  condensers  in  the  control  mechanism. 

Assume  that  traffic  is  flowing  on  street  A,  and  no 
traffic  is  waiting  on  street  B.  This  traffic  will  continue 
to  flow  without  interruption  until  the  arrival  of  a  car  on 
street  B  requires  the  right-of-way  for  that  street.  On 
crossing  a  detector  placed  at  some  distance  from  the 
intersection  (see  fig.  1),  the  car  on  street  B  imparts  an 
impulse  to  the  control  mechanism,  after  which  street  B 
receives  the  green  signal  by  virtue  of  one  of  two  reasons. 
First,  a  gap  may  occur  in  the  traffic  on  street  A.  V 
this  gap  in  traffic  is  of  such  length  that  no  vehicle 
crosses  the  detector  on  street  A  for  a  period  equal  to 
the  "vehicle  interval",  the  length  of  which  may  be 
varied  in  the  control  mechanism,  the  right-of-way  is 
given  to  street  B  immediately.  If  no  such  gap  occurs 
in  the  traffic  on  street  A,  the  right-of-way  will  revert 
to  street  B  after  a  certain  time  called  the  "maximum 
interval",  which  also  may  be  varied  in  the  control 
mechanism. 

One  other  feature  of  importance  is  the  "initial 
interval."  This  period  is  to  allow  stopped  vehicles 
waiting  for  the  signal  change  a  greater  time  to  clear  the 
intersection  than  is  necessary  for  vehicles  crossing  the 
detector  at  a  normal  driving  speed. 

The  efficiency  of  this  equipment  depends  to  a  con- 
siderable degree  on  the  setting  of  the  various  interval 
lengths.  During  this  study  the  settings  were  as 
follows:  Vehicle  interval  on  each  street,  5  seconds 
(the  lowest  available);  initial  interval  on  each  street, 
7  seconds;  maximum  interval  on  Constitution  Avenue, 
30  seconds,  which  allowed  a  maximum  time  of  30  plus 
the  initial  interval,  or  37  seconds;  and  the  maximum 
interval  on  Seventeenth  Street,  35  seconds,  or  a  maxi- 
mum time  of  42  seconds.  The  longer  maximum  on 
Seventeenth  Street  was  necessitated  by  the  rush  of 
traffic  on  this  street  for  a  short  period  just  before  4:30 
p.m.,  before  traffic  on  Constitution  Avenue  had  shown 
a  marked  increase.  These  settings  were  those  used  by 
the  Park  Police,  and  are  believed  to  be  the  most  satis- 
factory for  this  location.  Typical  conditions  under 
traffic-actuated  control  are  illustrated  in  figure  7. 


Officer  control  and  traffic-actuated  control  are  much 
alike  in  their  operating  characteristics.  Analysis  of 
these  two  types  offers  interesting  comparisons,  and 
throws  more  light  on  the  result  of  increasing  the  interval 
and  cycle  lengths.  Table  3  summarizes  certain  features 
of  the  flexible  control  methods. 

Table  3. — Comparison  of  flexible  control  methods 


Average  cycle 

Aver- 
age 

vehicle 
time 

Vehi- 
cle 
time 
for 
same 
cyclo 
with 
fixed 
light 
con- 
trol 

Benefit  of 
flexibility 

Control 

Con- 
stitu- 
tion 
Ave- 
nue 

Seven- 
teenth 

Street 

Ratio 

Total 

Time 

Per- 
cent 

Officer 

Sec- 
onds 
26.8 
23.4 

Sec- 
ond) 
18.0 
17.1 

Sec- 
ond* 
1.6-1 
1.4-1 

Sec- 
onds 
44.8 
40.5 

Sec- 
onds 
29.9 
31.6 

Sec- 
onds 
32.5 
32.1 

Sec- 
onds 
2.6 
0.5 

8.0 

Vehicle-actuated  light- . 

1.5 

OFFICER  CONTROL  AND  TRAFFIC-ACTUATED  CONTROL  COMPARED 

The  cycle  lengths  of  table  3  are  the  averages  for  all 
studies  on  these  control  methods,  and  the  vehicle 
times  for  fixed- time  cycles  of  the  same  interval  were 
computed  with  equation  1.  Two  factors  are  important 
in  this  table.  First,  each  flexible  control  method  shows 
a  slight  advantage  over  what  might  be  expected  from 
fixed-time  control  of  the  same  time  intervals.  This  does 
not  mean  that  flexible  control  results  in  faster  move- 
ment than  fixed  control  of  some  other  interval  length 
(see  results  of  15-15  timing  in  table  2),  but  it  shows  the 
advantage  of  flexible  control  over  a  comparable  fixed- 
time  setting.     Again  it  must  be  remembered  that  the 


Figure  7. — (Upper)  Condition  Under  Which  Traffic 
Actuated  Control  Is  Effective  and  (Lower)  Type  of 
Traffic  Which  Will  Hold  the  Green  Light  Unless 
"Vehicle  Interval"  Is  Short  and  Result  in  Increased 
Average  Vehicle  Time. 
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TRAFFIC  ACTUATED  CONTROL 
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Figure  8. — Movement  of  Traffic  by  Cycles,  Discharge  on  Constitution  Avenue,  Plotted  as  Positive  Values  and  That 
on  Seventeenth  Street  as  Negative  Values.     Slope  of  Lines  Indicates  Discharge  Rate. 


greatest  advantage  of  flexible  control  is  the  ability  to 
meet  varying  conditions;  it  is  commendable  in  that  it 
approaches  the  best  fixed-time  control  for  these  par- 
ticular conditions. 

The  second  and  perhaps  more  significant  fact  is  that 
officer  control  produces  faster  movement  than  traffic- 
actuated  control,  even  though  a  longer  cycle  is  used. 

This  is  contrary  to  what  would  be  expected  from  the 
analysis  of  the  fixed-time  studies  and  is  worthy  of 
further  analysis.  Table  3  shows  that  the  officer  divided 
the  time  between  Constitution  Avenue  and  Seventeenth 
Street  in  the  ratio  of  1.5  to  1,  whereas  the  traffic- 
actuated  control  gave  Constitution  Avenue  only  1.4 
times  as  much  time  as  Seventeenth  Street  received. 
With  cycle  lengths  as  near  alike  as  these,  the  one  which 
allowed  the  light-traffic  street  the  smaller  proportion 
of  the  cycle  should  show  the  lowest  weighted  average 
time  per  vehicle.  Further  information  with  respect  to 
the  details  of  these  methods  may  be  obtained  from 
figure  8,  which  shows  the  time  interval  variation  during 
random  15-minute  periods  for  the  flexible  control 
methods  and  the  corresponding  discharge  rates. 

In  preparing  figure  8  periods  were  chosen  in  which  the 
average  time  interval  closely  approximated  the  average 
time  interval  for  the  entire  study  of  each  method.  The 
slope  of  the  lines  shows  that  the  time  interval  generally 
varied  with  the  number  of  vehicles.  It  is  apparent 
that  where  the  interval  length  on  Seventeenth  Street 
increases,  the  number  of  vehicles  appears  to  follow  this 
increase  more  closely  in  the  case  of  the  officer  control 
than  for  the  traffic-actuated  control.     Accordingly,  for 


the  periods  selected  here,  further  analysis  was  made  of 
the  long  cycles.  In  each  case  the  length  of  interval  and 
the  number  of  vehicles  were  determined  for  all  intervals 
of  over  30  seconds  on  Constitution  Avenue,  and  of  over 
20  seconds  on  Seventeenth  Street.  The  results  of  this 
analysis  appear  in  table  4. 

Table  4. — Comparison  of  officer  control  and  traffic-actuated  control 
for  extended  intervals 


Constitution  Avenue: 

Average  vehicles  per  second,.  

Vehicles  per  second  in  long  intervals  (over  30  seconds) 

Difference  in  vehicles  per  second  between  average  conditions 
and  long  intervals _ 

Above  difference  as  a  percentage 

Seventeenth  Street: 

Average  vehicles  per  second - 

Vehicles  per  second  in  long  intervals  (over  20  seconds) 

Difference  in  vehicles  per  second  between  average  conditions 
and  long  intervals 

Above  difference  as  a  percentage --- 


Officer 
control 


0.  65 

.69 

+.04 
+6.2 

.47 
.52 

+.05 
+  10.6 


Traffic- 
actuated 
control 


0.70 
.67 


-.03 
-4.3 


.40 

.38 


-.02 
-5.0 


Table  4  shows  that  the  officer  control  not  only  was 
relatively  more  efficient  in  the  long  cycles  than  was  the 
traffic-actuated  control  but  was  actually  more  efficient 
in  the  longer  cycles  than  in  the  shorter  ones.  This 
indicates  that  the  vehicle-actuated  control  held  the 
right  of  way  too  long  on  one  street  for  scattering  traffic, 
whereas  the  officer  did  not  give  a  long  cycle  unless  the 
traffic  demanded  it.  This  is  a  further  reason  for  the 
apparent  inconsistency  between  officer  and  traffic- 
actuated  control,  where  the  method  showing  the  longer 
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average  cycle  showed  the  faster  movement.  From 
this  two  conclusions  may  be  deduced.  (1)  The 
traffic-actuated  control  did  not  have  quite  the  flexi- 
bility of  officer-control,  and  (2)  the  officer  might  have 
been  more  efficient  had  he  been  able  to  maintain  a 
shorter  average  cycle.  The  fad  thai  the  use  of  the 
longer  cycles  was  more  efficienl  than  that  of  the  shorter 
ones  indicates  usage  of  over  average  intervals  only  v.  hen 
traffic  demanded  it.  and  that  short  and  average  cycles 
could  have  been  still  shorter. 

SHORT  "VEHICLE  INTERVAL"  DESIRABLE  IN  AUTOMATIC    CONTROL 

Since  the  operation  of  the  traffic-actuated  control  is 
dependent  entirely  on  the  spacing  of  traffic,  it  is  of 
interest  to  examine  the  flow  of  traffic  on  the  two 
-i  rcct-.  Constitution  Avenue,  during  the  hours  studied, 
carries  approximately  1,390  vehicles  per  hour,  and 
Seventeenth  Street  carries  about  (>70.  This  means  that 
at  evenly  spaced  intervals  vehicles  would  arrive  on  ( 'ou- 
st it  ution  Avenue  about  every  2.6  seconds,  and  on  Seven- 
teenth Street  every  .VI  seconds.  Of  course  vehicles  do 
not  arrive  so  regularly,  and  it  is  because  of  the  grouping 
tendency  that  traffic-actuated  control  i-  effective. 
However,  on  a  city  street  speeds  are  more  nearly 
uniform  than  on  an  open  highway,  and  with  closely 
spaced  intersections,  traffic  may  enter  or  leave  a  street 
at  frequent  intervals.  For  these  reasons,  with  the 
relatively  heavy  volume  recorded  at  this  intersection, 
the  flow  was  more  nearly  uniform,  or  continuous,  than 
grouped. 

On  Constitution  Avenue,  for  example,  vehicle-actu- 
ated control,  operating  with  a  vehicle  interval  of  5 
seconds,  permits  the  clearing  out  of  the  stopped  cars, 
and  then  may  hold  the  right  of  way  while  the  traffic  on 
the  street  flows  at  only  its  normal  frequency.  Thi<  i- 
not  so  serious  on  the  heavily  traveled  street  as  on  the 
one  with  lighter  traffic,  as  was  brought  out  in  figures  4 
and  ."),  but  it  does  work  to  the  disadvantage  of  this  type 
of  control. 

The  two  detectors  on  a  street  are  connected  to  the 
dispatcher  in  parallel  with  one  another.  An  impulse  on 
one,  followed  by  an  impulse  on  the  other  4.*i  seconds 
later,  followed  by  another  impulse  on  the  first  detector 
at  another  4.9-second  interval  could  hold  the  right  of 
way  with  a  spacing  of  vehicles  in  both  directions  of 
practically  10  seconds.  While  this  extreme  case  is 
seldom  found,  it  was  frequently  noted  that  the  right  of 
way  was  held  for  only  a  scattering  of  cars.  It  has  been 
shown  that  it  is  wasteful  of  time  to  permit  the  traffic 
on  even  the  more  important  street  to  flow  any  consid- 
erable length  of  time  after  the  waiting  vehicles  have 
cleared  the  intersection.  A  control,  to  be  the  most 
effective,  should  not  cause  waiting  for  a  gap  in  the 
normal  flow  of  traffic  on  one  street  to  permit  the  cross 
traffic  to  flow,  but  should  revert  to  the  other  street  as 
soon  as  the  traffic  on  the  first  street  becomes  normal 
provided  there  is  not  too  great  a  disparity  in  traffic  on 
the  two  streets. 

A  control  mechanism  of  the  type  used  should  he  ar- 
ranged so  as  to  be  set  for  a  vehicle  interval  as  low  as  'A  or 
even  2  seconds  for  traffic  such  as  was  observed.  Fixe 
seconds  was  the  shot  test  time  available  for  the  vehicle 
interval  in  this  particular  instrument,  and  no  observa- 
tions with  shorter  intervals  could  he  made.  It  is  re- 
ported, however,  that  a  reduction  of  from  8  to  .">  second- 
in  one  particular  case  (Providence,  R.I.)  resulted  in  a 
material  improvement  in  the  Mow  of  traffic,  and  it  is 
believed  that  reduction  of  from  5  to  .'!  seconds,  would 
result  in  reduced  delav  at  this  intersection. 


VEHICLE  DELAY  DETERMINED 

In  the  foregoing  discussion  of  efficiency  it  may  have 
been  noted  that  comparisons  were  always  made  of  the 
vehicle  time.  This  was  what  was  actually  measured, 
and  this  offered  the  fairest  comparison  of  efficiency. 
However,  what  is  more  important  to  certain  interests 
i-  t  he  delay  to  traffic  caused  by  various  types  of  control. 
Having  found  the  total  elapsed  time  lor  the  average 
vehicle  to  traverse  the  600  feet  included  in  this  inter- 
section zone,  to  find  the  delay  it  i>  necessary  only  to 
subtract  from  the  elapsed  time  the  time  required  to 
traverse  the  distance  at  normal  driving  speed.  In  the 
I  )istrict  of  (  'olumhia  the  legal  speed  limit  is  22  miles  per 
hour,  and  at  this  speed  ;i  vehicle  requires  18.5  seconds 
to  travel  600  feet.  Assuming  22  miles  per  hour  as  the 
normal  driving  speed  on  the  streets  approaching  tin- 
intersection,  the  delay  under  various  conditions  is  as 
shown  in  table  .">. 

Table  5.-    Delay  under  various  control  methods  based  mi  assump- 
tion of  ' '  miles  per  //!/<//■  as  nor  mill  driving  speed 


The  figures  in  table  5  are  for  normal  daytime  traffic 
only.  Studies  made  during  certain  rush  hours,  indi- 
cate that  the  time  of  an  average  vehicle  in  rush  hours 
could  not  be  less  than  50  seconds,  under  efficient  con- 
trol. Using  this  somewhat  arbitrary,  but  conservative 
figure,  the  delay  per  vehicle  during  the  rush  hour,  as- 
suming the  same  driving  speeds  as  during  the  lighter 
midday  traffic,  must  amount  to  a  minimum  of  'M)  sec- 
onds per  vehicle,  and  for  the  3,500  vehicles  recorded 
from  4:15  to  5:15  p.m.,  cause-  a  delay  of  1 , 75(1  car 
minutes  per  rush  hour.  Under  the  best  control  meth- 
od- at  this  particular  intersection,  for  a  10-hour  day. 
including  two  rush  hours,  the  minimum  delay  which 
can  be  expected  is  as  follows: 


8  normal  hours,  8     380 
2  rush  hours        2      1 ,750 


3,040  car-minutes 
:;.."iii(i  car-minutes 


6,540  car-minutes 


It  i-  not  practicable  to  fix  a  definite  value  for  the  eco- 
noinic  loss  incurred  by  traffic  delays.  Various  agencies 
have  advanced  theories  applying  to  particular  cases 
which  no  doubt  have  definite  merit,  hut  which  can- 
not be  applied  generally.  Costs  have  been  computed 
from  such  basic  assumptions  as  the  amount  of  gasoline 
consumed  while  waiting  in  traffic,  and  the  increased 
wear  on  vehicles  in  acceleration  and  deceleration,  and 
also  from  such  arbitrary  assumptions  as  the  value  of 
the  time  lost  by  the  occupants  of  even  purely  pleasure 
vehicles.  These  range  from  extremely  low  figures  t<> 
values  as  high  as  .">  cents  per  car-minute,  obviou-l\  fan- 
tastic for  the  average  case.  For  these  reasons  no  value 
of  time  lost  i>  assumed  to  be  applicable  to  general  con- 
ditions, but  it  is  of  interesl  to  investigate  how  much  this 
loss  might  amount  to  under  various  assumed  values  of 
the  cosl  of  delav.     Figures  lor  time  lost  in  a   10-hour 
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day  (8  a.m.  to  6  p.m.)  appear  in  table  6.  It  will  be 
noted  that  these  figures  are  based  on  the  most  efficient 
control.  If  a  similar  intersection  were  operated  under 
poor  control,  the  delay  would  be  much  greater. 

An  interesting  feature  with  respect  to  delay  is  its 
distribution  through  the  day.  Using  the  10-hour  day 
previously  referred  to,  it  may  be  seen  that  of  the  6,540 
car-minutes  delay,  3,500  car-minutes,  or  over  half  the 
delay,  was  incurred  during  the  two  rush  hours.  Any 
reduction  in  delay  during  these  periods  will  have  a 
marked  effect  on  the  time  loss  for  the  whole  day. 

Table  6. — Economic  loss  incurred  in  a   10-hour  day    bused  on 
assumed  values  per  car-minute 


Assumed 
cost  per 

car- 
minute 

Delay 
per  day 

(car- 
minute) 

Per  day 

Per  year 
(300 

days) 

Cents 

Vi 

6,500 

$32.  50 

$9,  750 

1 

6,500 

65.  00 

19,  500 

l1  j 

6,500 

97.50 

29,  250 

2 

6,500 

130.  00 

39,  000 

SUMMARY  OF  CONCLUSIONS 

(1)  For  the  traffic  volume  observed  in  this  study 
(about  2,000  vehicles  per  hour)  operation  of  the  inter- 
section without  control  incurred  the  least  delay  to 
traffic.  Of  all  the  control  methods,  officer  control  per- 
mitted the  fastest  movement  of  traffic,  closely  followed 
by  the  shortest  fixed-time  control,  and  traffic-actuated 
control. 

(2)  Under  fixed-time  control,  a  very  marked  increase 
in  delay  resulted  from  lengthening  the  cycle.  For 
certain  of  the  short  cycles  with  unequal  intervals  on 
the  two  streets,  reversing  the  proportioning  of  the  cycle 
had  less  effect  on  the  time  of  the  average  vehicle  than 
did  retaining  the  same  proportioning  but  doubling  the 
cycle  length. 

(3)  The  flexible  control  methods  showed  efficiency 
equal  to  or  better  than  the  most  efficient  fixed-time 
control,  but  it  is  believed  that  both  the  officer  control 
and  traffic-actuated  control  could  be  more  efficient  than 
indicated  here. 

(4)  During  the  course  of  a  10-hour  day  from  8  a.m. 
to  6  p.m.  as  much  delay  is  incurred  during  2  hours  of 
peak  traffic  as  during  the  remaining  8  hours. 

APPENDIX.— METHODS  OF  SURVEY  AND  ANALYSIS 

It  is  believed  that  a  description  of  the  methods  of 
collecting  and  analyzing  the  information  presented  in 
this  report  will  be  of  interest,  since  as  far  as  is  known, 
few,  if  any  such  detailed  analyses  of  vehicular  move- 
ment have  been  attempted.  As  previously  noted,  delay 
to  traffic  at  an  intersection  includes  time  lost  in  waiting, 
decelerating  and  accelerating,  or  in  driving  at  a  low 
speed  in  anticipation  of  a  signal  change.  While  for 
comparative  purposes  the  determination  of  but  one  of 
these  factors  may  be  sufficient,  if  it  is  desired  to  deter- 
mine the  absolute  time  loss  all  the  factors  must  be 
considered.  The  distance  within  which  delay  occurs  is 
defined  as  the  zone  of  influence  of  the  intersection,  and 
varies  with  local  conditions.  The  difference  in  the 
average  time  required  to  traverse  this  zone  of  influence 
and  the  time  required  to  traverse  the  same  distance  at 
a  normal  driving  speed  represents  the  delay  caused  by 
the  intersection. 

ARRANGEMENT  OF  OBSERVERS  AND  APPARATUS  DESCRIBED 

Since  the  actual  timing  of  a  particular  vehicle  through 
the  intersection  would  be  difficult,  and  because,  were 
this  feasible,  only  a  small  sample  of  traffic  could  be 
timed  a  method  was  developed  using  a  graphic  time 
recorder  which  permitted  the  timing  of  all  vehicles 
using  the  intersection.  The  instrument  (fig.  9)  con- 
sisted of  a  strip  chart  operated  by  clockwork  at  n 
known  speed,  under  a  number  of  pens,  electrically 
operated  by  the  closing  of  various  circuits.  Any  pen 
could  be  actuated  by  a  telegraph  key  at  any  point  to 
which  it  was  convenient  to  extend  wires.  It  was  pos- 
sible to  station  an  observer  at  a  predetermined  point 
just  outside  the  zone  of  influence  who  recorded  each 
vehicle  approaching  the  intersection  as  it  passed  his 
post.  Other  observers,  each  equipped  with  a  key  in 
series  with  a  different  pen,  then  recorded  these  same 
vehicles  as  they  left  the  intersection  zone,  one  observer 
being  stationed  on  each  of  the  three  streets  by  which 
the  vehicle  might  leave  the  intersection. 

In  this  study  the  observers  (fig.  10)  were  located  300 
feet  from  the  intersection.  An  "incoming"  observer 
on  each  street  recorded  all  vehicles  entering:  the  inter- 


Figure  9. — The  Time-Recording  Machine. 

section  zone  as  they  passed  his  post,  and  accounted  by 
special  notation  for  all  abnormal  movements,  such  as 
parking,  between  his  post  and  the  intersection.  To 
record  the  outgoing  traffic,  each  "outgoing"  observer, 
one  for  each  street,  was  equipped  with  three  keys,  one 
for  each  of  the  three  streets  from  which  the  outgoing 
vehicles  might  have  entered  the  intersection.     It  was 
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Figure  10. — Recorders  of  Incoming  and  Outgoing  Traffic 
and  Truck  Carrying  Recording  Apparatus. 

necessary  for  this  observer  to  classify  the  vehicles  as 
they  left  the  intersection,  according  to  whether  they 
came  straight  through  or  from  the  right  or  left,  and 
record  them  with  the  proper  key  when  they  passed  his 
post.  This  recording  was  simplified  somewhat  by  the 
traffic  control,  for  except  for  unusually  fast  or  un- 
usually slow  vehicles  near  the  beginning  or  end  of  the 
green  interval  on  either  street,  the  vehicles  during  one 
interval  were  all  "through"  and  during  the  other  inter- 
val were  all  from  either  "left"  or  "right",  and  it  was 
seldom  that  the  three  classifications  need  be  noted 
simultaneously. 

Two  observers  and  4  keys  at  each  post  required  8 
observers  and  16  keys  for  a  complete  record  of  the 
operation  of  all  traffic  using  the  intersection.  The  time 
recorder  was  equipped  with  20  pens,  which  permitted 
the  use  of  four  for  other  purposes.  A  relay  in  the  light- 
control  box  (fig.  11)  actuated  a  pen  and  automatically 
recorded  the  cycle  of  the  signal  light.  Two  pens  were 
used  to  record  all  vehicles  as  they  passed  the  cross- 
walks on  entering  the  intersection,  and  the  remaining 
pen- was  kept  ready  for  emergency,  to  provide  for  the 
occasional  failure  of  one  of  the  pens  to  function  properly. 

ANALYSIS  OF  RECORD  CHARTS  PRODUCES  ACCURATE  DATA  ON 
VEHICLE  TIME 

The  time  required  for  the  average  vehicle  to  pass 
through  the  intersection  was  determined  as  follows: 
Assume  vehicles  approaching  the  intersection  on  a 
given  street  are  recorded  as  they  enter  the  zone  of 
influence  at  a,  b,  c,  d,  and  e  seconds  alter  any  selected 


Figure  11. — Traffic  Control  Box. 

zero  point  on  the  chart.  These  vehicles  are  recorded  on 
the  various  "outgoing"  pens  at  times  a',  b',  <•',  d',  and  e' 
seconds  after  this  same  zero  point.  The  time  for  each 
of  the  vehicles  to  traverse  the  intersection  is  (a'-  a  . 
(b'-b),  (c'-c),  (d'-d),  and  (e'-e),  and  the  total 
time  for  all  vehicles  is  the  sum  of  these  expressions,  or 
(a'-rb'  +  c'-rd'-r-e')-(a  +  b  +  c  +  d  +  e).  Dividing  by 
the  number  of  vehicles  gives  the  average  time  per 
vehicle. 

Whether  one  vehicle  of  this  group  passes  another  is 
immaterial.  Assume  the  first  vehicle  passed  the  second 
and  third.  The  times  of  the  individual  vehicles  would 
then  become  (a'-b),  (b'-c),  (c'-a),  (d'  —  d),  and 
(e/  — e)  and  as  before,  the  total  time  would  he  (a'-r-b'  + 
c'  +  d'  +  e')-(b-r-c-l  a  d  e).  In  using  this  method 
it  is  essential  that  the  records  on  the  "outgoing"  and 
"incoming"  pens,  respectively  cover  the  same  group  of 
vehicles.  For  each  period  of  study  the  "incoming" 
and  "outgoing"  records  must  begin  with  the  same  vehi- 
cle and  end  with  the  same  vehicle.  Every  vehicle 
recorded  as  "incoming"  must  he  recorded  as  "outgo- 
ing" at  some  point,  in  order  that  the  total  "outgoing" 
vehicles  equal  the  "incoming"  total.  Having  ascer- 
tained that  the  "incoming"  and  "outgoing"  record- 
start  with  the  same  vehicle,  and  also  stop  with  the  -a me 
\  chicle,  the  movement  of  vehicles  within  this  group  •'(da- 
tive to  one  another  is  immaterial,  and  it  is  only  acces- 
sary to  account  for  all  vehicles  entering  and  leaving, 
and  to  discount  by  special  notation  all  unusual 
movements  such  as  parking,  stopping  for  other^than 
traffic  delays,  entering  or  leaving  the  zone  of  influence 
at  a  point  other  than  that  at  which  the  observers  are 
stationed. 

Various  methods  may  be  used  to  indicate  the  vehicle 
with  which  the  record  should  begin  or  end.  At  this 
intersection  each  of  the  four  directions  was  considered 
in  order  and  the  observers  were  signaled  from  the  inter- 
section as  to  the  proper  vehicle,  usually  the  firsl  alter  a 
gap  in  the  traffic,  with  which  to  start  recording.  Often 
the  intersection  was  entirely  clear  of  traffic  entering 
from  a  particular  direction,  and  this  could  he  noted  on 
the  charl  by  the  recorder  b}  special  manipulation  of  the 
key.  Such  a  "break  "  is  helpful  in  analysis  of  the  chart. 
for  if  no  vehicles  are  in  the  zone  of  influence  at  anj 
given   time,    the   succeeding   records   musl    necessarily 

Begin  with  the  proper  vehicle. 
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For  ease  in  analysis  the  circuits  were  so  arranged  that 
for  the  "incoming"  record  appearing  on  pen  1,  the  "out- 
going" records  for  the  through,  right  and  left  move- 
ments appeared  on  pens  2,  3,  and  4,  respectively.  Simi- 
lar groups  of  four  pens  accounted  for  the  movement  on 
the  other  streets.  The  record  on  each  chart  covered 
from  2  to  3  hours.  To  facilitate  analysis  and  to  investi- 
gate the  short  time  fluctuation  of  traffic,  the  record  was 
broken  up  into  periods  approximately  15  minutes  in 
length.  Experience  showed  that  shorter  periods  often 
gave  disproportionate  results,  and  much  longer  periods 
made  analysis  of  the  charts  more  difficult. 

Charts  were  examined  carefully  and  all  special  nota- 
tions made  by  the  recorders  during  the  study  properly 
accounted  lor.  The  "outgoing"  record  on  each  street 
was  checked  against  the  "incoming"  record,  which 
made  mistakes  immediately  apparent.  Errors  in  re- 
cording heavy  traffic  are  bound  to  occur,  but  due  to  the 
character  and  training  of  the  observers  mistakes  were 
not  frequent.  The  largest  portion  of  mistakes  could  be 
traced  to  the  "outgoing"  recorder  using  the  wrong  key, 
since  vehicles  were  classified  at  the  intersection  but 
were  not  recorded  until  they  passed  the  observers  post. 
For  example,  should  a  left  turn  be  recorded  as  a  right 
turn,  the  "outgoing"  record  from  one  street  would 
show  a  surplus  of  one  car,  which  would  correspond  to  a 
deficit  in  the  "outgoing"  record  from  another  street. 
Such  errors  could  be  recognized  and  a  correction  made 
on  the  record  chart.  Other  errors  could  be  isolated 
within  a  short  period  by  means  of  the  recorders 
"breaks,"  and  correction  made.  With  the  "incoming" 
and  "outgoing"  records  in  agreement,  the  average  time 
per  vehicle  was  computed  using  the  method  outlined 
above. 

SIMPLER  METHODS  REQUIRED  FOR  GENERAL  USE 

The  purpose  of  this  study  was  to  determine  the  effect 
of  the  variation  in  control  methods  under  conditions  of 
traffic  as  nearly  constant  as  possible.  After  computa- 
tion of  the  average  running  time  for  each  15-minute 
period,  this  time  was  plotted  against  the  volume  for  the 
particular  period  for  each  control  method,  as  a  safe- 
guard against  including  times  influenced  by  any  externa! 
factors.  While  certain  periods  showed  rates  of  (low 
deviating  somewhat  from  the  average,  there  were  lew 
in  wffiich  there  was  possibility  of  tracing  any  change  in 


running  time  to  the  variation  in  volume,  and  these  were 
not  considered  in  the  final  analysis. 

Investigation  was  made  of  the  effect  of  left  turns.  It 
was  found  that  left  turns  which,  on  Constitution  Ave- 
nue, the  heavier  traveled  street,  ranged  from  5.6  percent 
to  18.0  percent  of  the  total  traffic,  and  on  Seventeenth 
Street  ranged  from  20.0  percent  to  42. S  percent,  had  no 
apparent  effect  on  the  average  running  time,  within  the 
range  of  volumes  observed.  While  no  doubt  left  turns 
in  congested  traffic  will  nave  a  marked  effect  on  traffic 
delays,  no  such  effect  was  noted  in  this  moderately 
heavy  traffic.  Pedestrian  traffic  was  negligible  during 
the  hours  included  in  these  observations. 

The  methods  used  permitted  the  accurate  timing  and 
detailed  analysis  of  the  speed  of  traffic.  Probably 
no  more  accurate  or  inclusive  information  could  be 
obtained  with  methods  now  available  to  traffic  investi- 
gators. The  question  arises  as  to  whether  such  a 
detailed  analysis  is  necessary.  Obvioush'  a  method 
similar  to  this  is  essential  if  ail  the  delay  to  traffic  is  to 
be  accurately  analyzed,  but  there  may  be  some  epiestion 
as  to  the  necessitj  of  going  to  such  extremes  in  accuracy 
and  detail  to  obtain  satisfactory  information  at  an  ordi- 
nary intersection.  Such  a  study  requires,  if  the  traffic 
is  heavy,  a  minimum  of  8  recoraers,  a  supervisor  and  a 
time-recorder  operator.  Lighter  traffic  may  permit  the 
reduction  of  the  recorders  to  6,  or  possibly  to  4,  or  for 
certain  types  of  studies  the  intersection  might  be  ana- 
lyzed in  one  direction  at  a  time,  but  whatever  the 
arrangement  of  personnel,  there  is  required  a  laborious 
and  somewhat  complicated  laying  out  of  wires  and 
assembling  of  equipment.  For  a  study  as  detailed  as 
the  one  made  a  light  t  ruck  was  essential, and  this  together 
with  the  time  recorder  and  its  accessories  represents  a 
considerable  investment.  More  than  average  accuracy 
and  experience  on  the  part  of  the  recorders  is  recpiired. 

Obviously,  this  method  of  analysis  is  not  adapted  to 
widespread  use.  It  is  hoped  that  these  studies  will  pro- 
vide material  which  will  point  to  simpler  and  more 
generally  applicable  methods  of  analysis  which  will  at 
least  provide  information  sufficiently  accurate  for  com- 
parative purposes.  It  may  be  possible  to  determine 
factors,  which  can  be  applied  to  less  extensive  data  than 
were  collected  and  thus  provide  satisfactory  figures  on 
delav. 


AN  IMPROVED  METHOD  OF  MEASURING  SPEED 

OF  TRAFFIC 

Reported  by  E.  H.  HOLMES  and  LAWRENCE  S.  TUTTLE,  Assistant  Highway  Economists,  United  States  Bureau  of  Public  Roads 


Subsequent  to  the  studies  described  in  the  preceding 
papers  in  this  issue  of  Public  Roads,  there  has  been  a 
further  development  of  field  methods  used  in  the  deter- 
mination of  vehicle  time  loss.  The  method  used  in  the 
New  Jersey  Viaduct  study  consisted  of  recording  the 
licenses  and  the  times  of  passage  of  vehicles  at  both 
ends  of  the  route  under  consideration.  Since  the  length 
of  the  route  was  about  4  miles,  recording  of  time  to  the 
nearest  minute  was  sufficiently  precise.  A  large  pro- 
portion of  the  vehicles  were  recorded  in  this  way  and 
the  average  travel  time  was  determined  from  the  travel 
time  of  the  individual  vehicles. 


In  the  method  used  in  the  Constitution  Avenue  and 
Seventeenth  Street  study  the  travel  time  per  vehicle 
was  not  determined  by  averaging  the  time  for  individual 
vehicles.  Instead  the  average  time  was  obtained  In- 
dividing  the  aggregate  time  for  all  vehicles  by  the 
number  of  vehicles.  Here  the  distance  was  but  a  few 
hundred  feet  rather  than  several  miles,  and  so  the  time 
of  passage  of  the  vehicles  had  to  be  noted  precisely. 
The  required  precision  was  obtained  with  the  electric 
time  recorder,  which  permitted  timing  to  the  nearest 
second.  While  this  type  of  study  was  very  precise, 
its  accuracy  was  dependent  on  the  "incoming"  and 
"outgoing"  records  being  in  exact  agreement. 
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The  two  methods,  while  entirely  satisfactory  in  each 
special  ease,  arc  limited  in  their  application.  The  first 
method  can  be  used  only  where  the  distance  over  which 
the  vehicles  are  to  he  timed  is  great  enough  that 
recording  to  the  nearest  minute,  or  possibly  to  the 
nearest  half  minute,  will  give  the  elapsed  time  with 
sufficient  precision.  This  method  is  advisable  only 
when  most  of  the  traffic  passes  both  observation  points, 
for  otherwise  the  sample  is  small.  Such  diversions  or 
entrances  of  traffic  may  he  accounted  for,  however,  by 
the  use  of  additional  observers  at  the  diversion  points. 
The  second  method  is  useful  only  over  a  short  distance 
where  both  ends  of  the  section  of  street  or  highway  are 
readily  visible  from  a  selected  point,  which  sets  a 
practical  limit  of  about  1,000  feet  to  the  length  of  the 
section.  Difficulty  is  encountered  if  there  is  a  con- 
siderable amount  of  stopping  or  parking  within  the 
section  studied,  or  if  vehicles  enter  or  leave  at  points 
other  than  those  at  which  the  observers  are  located. 
Stores,  filling  stations,  or  building  entrances  make 
such  a  study  very  difficult,  while  another  street  inter- 
section within  the  "zone  of  influence"  of  the  inter- 
section being  studied  excludes  this  type  of  study 
entirely. 

Observations  at  intersections  in  business  sections 
recently  investigated  were  so  complicated  by  business 
stops  and  by  the  long  lines  of  vehicles  awaiting  signal 
changes  during  rush-hour  traffic  that  neither  method 
was  suitable.  However,  a  combination  of  the  two 
methods  proved  successful. 

Under  this  system,  the  licenses  are  recorded  as  the 
vehicles  enter  and  leave  the  "zone  of  influence"  of  the 
intersection,  and  the  time  of  passage  of  each  vehicle  is 
noted  on  the  time-recorder  chart  by  the  closing  of  a 
circuit  with  a  telegraph  key  as  in  the  regular  intersec- 
tion study.  This  type  of  recording  requires  two  ob- 
servers at  each  post  for  each  direction.  One  reads 
aloud  the  license  number  and  simultaneously  records 
the  time  of  passage  of  the  vehicle  with  the  telegraph 
key.  The  other  writes  on  a  ruled  sheet  the  number  read 
by  the  first  observer. 

In  order  to  correlate  the  time  record  appearing  on  the 
strip-chart  with  the  license  record  shown  on  sheets,  it  is 
necessary  for  the  observers  to  designate  at  frequent 
intervals  a  certain  car  as  a  "check"  vehicle.  The  li- 
cense number  of  this  vehicle  is  checked  or  otherwise 
noted  on  the  sheet,  and  its  time  of  passage  indicated  on 
the  time-record  chart  by  a  special  manipulation  of 
the  telegraph  key.  Usually  it  was  found  convenient  to 
check  every  tenth  vehicle  in  this  way,  with  distinctive 
notations  for  the  fiftieth  and  hundredth  vehicles.  To 
facilitate  this  correlation  of  the  records,  the  sheets  used 
by  the  observers  were  previously  ruled,  and  the  tens, 
fifties,  and  hundreds  indicated  on  them.  Recording  of 
these  "check"  vehicles  was  not  difficult,  since  the  re- 


cording observer,  after  recording  nine  numbers,  would 
announce  to  the  "reading"  observer  whose  eyes  were 
on  the  traffic,  that  the  following  vehicle  would  he  the 
tenth. 

If  the  distance  over  which  the  record  is  being  made  is 
short,  as  at  an  intersection,  the  last  :\  digits  of  licenses 
will  he  sufficient  for  identification  of  vehicles.  Using 
this  3-digit  recording,  2  observers  can  record  as  many 
as  800  vehicles  per  hour  with  little  difficulty. 

Analysis  of  the  information  obtained  requires  first 
matching  the  numbers  shown  on  the  "incoming"  sheet 
with  those  shown  on  the  "outgoing"  sheets  and  elimin- 
ating all  those  which  do  not-  appear  on  both  sheets 
within  a  reasonable  elapsed  time.  Then,  since  the  time 
record  on  the  chart  is  correlated  with  the  license  record 
on  the  sheets,  these  same  vehicles  may  he  eliminated 
from  the  chart.  With  the  vehicles  not  matching  re- 
moved from  the  record,  the  aggregate  time  for  all 
vehicles  is  obtained  by  the  summation  of  the  •incom- 
ing" and  "outgoing"  times,  as  described  in  the  preced- 
ing paper,  and  the  average  trip  time  found  from  this 
figure. 

In  addition  to  providing  an  accurate  record  of 
"incoming"  and  "outgoing"  times  from  which  an 
aggregate  time  for  all  vehicles  may  he  found,  this  type 
of  study,  because  of  the  possibility  of  identification  of 
particular  vehicles,  permits  a  much  more  detailed 
analysis  than  is  possible  with  the  regular  intersection 
analysis.  For  instance,  it  is  very  easy  to  time  sepa- 
rately right  and  left  turns,  or  to  make  a  complete 
analysis  of  the  movement  of  vehicles  through  multiple 
intersections. 

Use  of  this  method  is  not  confined  to  intersections. 
It  is  ideally  adapted  to  analysis  of  traffic  on  open  high- 
ways. It  is  possible  to  determine  the  average  speed 
maintained  over  a  given  section  of  highway  and  how 
the  speeds  of  the  individual  vehicles  vary  from  the 
average  speed.  The  effect  of  changes  in  traffic  volume 
on  average  speed  and  freedom  of  movement  can  he 
studied.  Determinations  may  also  be  made  of  the 
capacity  of  traffic  lanes  under  ideal  conditions,  and 
how  their  capacity  may  be  affected  by  grades,  curves, 
and  road  widths. 

To  conduct  such  a  study  on  the  highway  it  is  neces- 
sary only  to  station  observers  at  the  two  or  more  critical 
points  between  which  information  is  desired.  The 
distances  which  may  be  included  are  dependent  only 
on  the  length  of  wire  which  it  is  practicable  to  lay  out 
for  the  studj 

By  gradual  development  and  combination  of  proven 
methods,  it  is  now  possible  to  analyze  accurately  the 
movement  of  traffic  over  distances  up  to  several 
miles.  Practically  every  condition  of  traffic  How- 
may  be  studied  by  some  combination  of  the  methods 
described. 
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PUBLICATIONS  of  the  BUREAU  OF  PUBLIC  ROADS 


Any  of  the  following  publications  may  be  purchased  from 
the  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  D.C.  As  his  office  is  not  connected  with  the 
Department  and  as  the  Department  does  not  sell  publications, 
please  send  no  remittance  to  the  United  States  Department  of 
Agriculture. 

ANNUAL  REPORTS 

Report  of  the  Chief  of  the  Bureau  of   Public   Roads,    1924. 

5  cents. 
Report  of  the  Chief  of  the  Bureau  of  Public  Roads,    1927. 

5  cents. 
Report  of  the  Chief  of  the  Bureau  of  Public   Roads,    1928. 

5  cents. 
Report  of  the  Chief  of  the  Bureau  of  Public   Roads,    1929. 

10  cents. 
Report  of  the  Chief  of  the  Bureau  of  Public   Roads,    1931. 

10  cents. 
Report  of  the  Chief  of  the  Bureau  of  Public   Roads.    1932. 

10  cents. 

DEPARTMENT  BULLETINS 

No.    I36D  .  .  Highway  Bonds.     20  cents. 

No.    347D  .   .  Methods  for  the  Determination  of  the  Physical 
Properties  of  Road-Building  Rock.      10  cents. 

No.    532D  .   .  The  Expansion  and  Contraction  of  Concrete 
and  Concrete  Roads.      10  cents. 

No.    583D  .   .  Reports  on  Experimental  Convict  Road  Camp, 
Fulton  County,  Ga.     25  cents. 

No.    660D  .   .  Highway  Cost  Keeping.      10  cents. 

No.  I279D  .   .  Rural  Highway  Mileage,  Income,  and  Expendi- 
tures, 1921  and  1922.     15  cents. 
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TECHNICAL  BULLETINS 

No.       55T  .   .  Highway  Bridge  Surveys.     20  cents. 
No.     265T  .   .  Electrical    Equipment    on    Movable 
35  cents. 

MISCELLANEOUS  CIRCULARS 

No.  62MC  .  .  Standards  Governing  Plans,  Specification 
Contract  Forms,  and  Estimates  for  Federal 
Aid  Highway  Projects.     5  cents. 

No.    93MC  .  .  Direct    Production    Costs    of    Broken    Stone. 
25  cents. 


MISCELLANEOUS  PUBLICATION 

No.    76MP  .  .  The  results  of  Physical  Tests  of  Road-Build- 
ing Rock.     25  cents. 

No.  -   .  .  Federal  Legislation  and  Regulations  Relating 

to  Highway  Construction.     10  cents. 


REPRINT  FROM  PUBLIC  ROADS 

Reports  on  Subgrade  Soil  Studies.     40  cents. 


Single  copies  of  the  following  publications  may  be  obtained 
from  the  Bureau  of  Public  Roads  upon  request.  They  cannot 
be  purchased  from  the  Superintendent  of  Documents. 

SEPARATE  REPRINT  FROM  THE  YEARBOOK 

No.  1036Y  .  .  Road  Work  on  Farm  Outlets  Needs  Skill  and 
Right  Equipment. 

TRANSPORTATION  SURVEY  REPORTS 

Report  of  a  Survey  of  Transportation  on  the  State  Highway 
System  of  Ohio  (1927). 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  Vermont  (1927). 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  New  Hampshire  (1927). 

Report  of  a  Plan  of  Highway   Improvement  in  the  Regional 
Area  of  Cleveland,  Ohio  (1928). 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  Pennsylvania  (1928). 

Report  of  a  Survey  of  Traffic  on   the   Federal-Aid   Highway 
Systems  of  Eleven  Western  States  (1930). 


A  complete  list  of  the  publications  of  the  Bureau  of  Public 
Roads,  classified  according  to  subject  and  including  the  more 
important  articles  in  PUBLIC  ROADS,  may  be  obtained  upon 
request  addressed  to  the  U.S.  Bureau  of  Public  Roads,  Willard 
Building,  Washington,  D.C. 
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A  brasioD: 

of  soil  surfaces,  resistance  to  as  affected  by 

sand  content  IS2 

sei  rrfso  Stabilil  y     Wear  tests. 
I  il  ion,  si  i    \  b:  01  pi  ion  tests     I  feal  absorp- 
tion    l.ii|iii<l  limit  of  soils    Moi : 
Hue  content, 
i       rption  tesl 

used  in  tesl  concretes. .  ..      r.'ii 
ol  concretes  finished  by- 
Johnson  (delayed  finishing)  method  130, 
131,  133,  134,  151,  153 
\  ihration  method           130, 131,  133,  134,  1 13  1 15 
Accounting    methods,   data   from   financial  sur- 
veys  .                    21,37,39,  [.' 

Administration,  administration    o 

highwaj  admini  tral  ion  and  cosl  -  of  ..  21, 

25,  27,  28,  37,  38,  1!    16,  Is.  19,57  59,  6S  70 
lux   administration,    public  funds  adminis- 
tration, and  costs  of  21, 
II.  13.  15,  57  60 
set   nfso   Collection   and   administration 
costs. 

\  In  i  -.'i, ri'-.  use 

in  base  courses  of  tar  surface  treated  roads  2, 

3,7,  16.20 
in  mud  jack  pastes  .  181,  182,  184,  194 

\  ■■■      itrengl  ii  relal    m 

of  cemenl  mortal  a-  affected  bj  curing  con- 
ditions 100  108 
of  concrete,  nee  Compressive  strength  -Flex- 
ural  strength. 
\      i  " -ales: 

crushing  in  mats  of  tar  surface  treated  roads     12,  13 
in  soil  mixtures.    ...       ..._:.._.  .  13,  14 

egregation  in  concrete  129,  I  il>,  !.rd 

types,  gradings,  and  application  methods 
used  in  tar  surface  treatment  of 
road<  1    3,6  8,  10-13,  17,20 

tj  pes.  gradings,  and  proportions  as  affecting 
quality  of  concrete  finished  by  vibration 

and  Johnson  methods  129  !54 

stabilil  v  of  a  phaltiei  n  ing  mixture?  198 

2 1 1 ,  2 1 8 
overnmental,    -"     Federal-aid    roads 
Orants     Public   works    road   con- 
struction   State  aid  funds. 
Vmmonium    hydroxide    as    soil    deflocculating 

agent ... 95 

Analyses,  see  names  of  materials,  also  Mechanical 
analyses     Soil  constants-  Soil 
tests. 
Analytical  tools  for  judging  results  of  structural 

tests  of  concrete  pavements,  a.      18."  188 
Apparatus,  set  names  of  kinds  of  apparatus,  aha 
name-,  of  tests  and  of  processes   iii 

«  inch  apparatus  is  used 
Asphaltic    paving     mixtures,    see     Bitumii 

roads,  bituminous  paving  mixture 

\    ph  ills,  asphaltic  road  materials: 

blown  asphalts  and  steam  refined  asphalts 

analyses  200 

compai  itive  effects  upon  mixtures    201  211, 218 

liquid  asphaltic  materials,  relative  viscos 

at  various  tesl  temperatures,  a      212  218 
semisolid  asphaltic  mateials,  tests  for  con- 
trol of  consistency  of. .   .-  2I7,218 

Assessments,    pci    il  25,33,  38,  10,  14, 

15,50,57,  58,60-61,66,  711 
Automobiles,  see  Motor  vehicles. 


B  i  ■■     base  courses: 

ni  Mourn  Vernon  Memorial  Highway  10 

of  tar  surface  treated  roads.  I   20 

of  I  hm  v  earing  courses,  soils  suit  aide  for  16,  20 

Beaker  method  of  mechanical  analysis  of  soils       102   105 

Bearing  te  tsofculverl  pipe  (cast-iron)  157-178 

Bending   moments   in   culvert    pipe   (cast-iron i. 

data  from  strength  tests  160 

162,  167.  I7(t.  171 
Bending  tests  of  strips  from  culverl  pipe  (cast- 
iron)  169   '7s 
Bibliography  of  soil  reseai  105 
Bid-price  data  foi  road  construction              85,86,88  91 
Binding  materials,  binders: 

lander  course  as  affecting  stability   of  as- 
phaltic pa-  ing  mixtures  2  I 
binding   properties  of  soils   in    various  soil 

groups  ...         ....  16,20 

bituminous  hinders  1, 

.'    i   13,  16,  17.  197-211,2 

clay  hinders  .    .      ;>.  In.  13  20 

Bitumen  contents: 

of  asphaltic    paving   mixtures   as   affecting 

stabilitj  199  211,218 

of  mats  and  primed  Pi  es  Of  tar  surface  Ire  at 

ed  roads,  bitumen  extracted  1 1,  12 

73006 


Page 
Bituminous  coal  ings  us  concrete  curing  agents  7:',  78 
Bituminous  materials 

analyses  of  materials  used  in 

e  i" a  imental  pa\  ing  mixtures  200 

mi    in  face  treatment  of  roads  x.  in 

cold    application    in    surface    treatmenl    of 

roads  .   1,2,5,8,  11-13,17 

for   retread    and   oiled   road    mix   construc- 
tion 212,213,215 
hoi     application     in    surface    treatment     of 

roads  [,2,6  8,  II    13,  17,212,215  218 

liquid    asphaltic    materials,    viscosity    tests 

of  212  218 

percentage  and  consistency,  effect  on  mix- 
tures  with  one  type  and  grading 
•  ■I  aggregate,  investigation  of  219 

Bituminous  roads,  bituminous  paving  mixtures: 
analyses    of    experimental     asphaltic     mix- 
lures  199,201,210 
bituminous  concrete  roads 

place    in    "composite    mile",    cost    index 

dala  84  S7 

lability  experiment  i  107  21 1,  218 

Slate  highwaj    mileages.   1923   31  87 

hu  uminous  macadam  roads  - 

m  Illinois  38 

in  Wisconsin  22 

place   in   "compo:  ite   mile ",  cost   index 

data  84  87 

State  highwaj   mile  -  •       1923  ■  '•!  87 

roughness  indicator  readings  It) 

ability  tests 

of  asphaltic  mixtures  107  21  I,  .'is 

traffic  lest  track  for    .  219 

Bituminous  surface  treatment  of  roads: 

consistency  requirements  for  materials.        215  218 

tar  treatment,  of  low-cost  roads         1  20 

Bond: 

between  coarse  aggregate  particles  in  asphal 
tic  mixtures,  loosening  under 
traffic  199 

in    base  courses  ami   surfaces  of  tar  .surface 

I  lea  led  load  ,  I    20 

in  macadam  roads  as  affected  by  character  of 

subgrade  soil  iti 

Ink  of  Pond  between  surface    and  bases  of 

bituminou    i  oad  .  effects        I,  l'.  200  201 
Bonded  indebtedness,  se<  Bonds     Debts. 

Hood 

drainage  bonds  i  M  ichigan)  6,1 

highway  bonds 

data  from  financial  surveys  25  '."a. 

31,  :c,,  :is.  39,   13   15,   in.  50,  56,  as.  63,  lit 
State  funds  for 

from  gasoline  lax  receipts.  1932  52,53 

from  motor  vehicle  receipts.  1932  55 

Bouyouco     hydrometer  method   of  mechanical 

analysis  of  soils   .  .  :i:,   105 

Hi  a  k  and  other  block  pavements 

plaee  in  "composite  mile",  cost  index  data      84-87 
ie  highway  mileage-.  1923  31  s7 

Mi  idgei 

concrete  arch  bridges,   Freyssinet  construe- 

i  ion  method 
drawbridges,  effeel  upon  traffic  Bow  '.'■.>:> 

228,230,  231 
traffic  flow  on  (New  Jersey  study)  223  232 

width,   as  affecting  costs  of  highway  con- 
struction in 
Brownian  movemenl  of  soil  particles                     07.  as 
Burlap  cover   for   concrete  (airing,   comparison 

with  cotton  mats  7.'(  80,  92 

Business  purposes,  motor  vehicle  use  for  (Wis- 
consin 1  35,  36 
Bullous,  reflector,  for  highwaj  signs             109,  119  128 


Calibrating  device,  calibration  data,  for  strain 

gages,  etc  192    hit 

Capillar. \   tension  in  -oil  during  moisture  evap- 
oration   ..  182,  183 

(  ".i  pi  ll.il  \    w  alia 

effeel    on    bituminous    mixtures,    proposed 

investigation  219 

in  soils.  :'.  I  I    17.  182,  183 

( 'oinonl 

as  admixture  in  mud  jack  pastes  181    181,194 

1 1, lor,  effeel  mi  heal  absorption  by  concrete 

pavement  ;  71-77 

high  em  |j  strength     cement,     strength     as 

affected  bj  curing  conditions  106  108 

solution  in  storage  n  atei  a   affecting  strength 

of  cemenl  mortar  specimens.         106,107 
Cement  factors  in  various  test  mortars  and  con- 
cretes 7s.   inc.   Pin,   135,   !45,   147-151,  154 
si  length  as  atleeted  by  curing 
ditions  .  mo  ins 


I'age 
Chaulfem  .  I it  ;c:  ami  pel  mil    ol  11,54 

<  'inailar  1,-1  mad  \ 

Circular  te  i  II  act.  foi  laboratot  j  use 

City  driving  conditions,  relation  to  visibility  of 

highw  aj  en  122,  128 

Citj  -ie,  ned   motor  \  ehieles  (numnei  ,  la:    rev- 
enues from,    en 
in  Illinois  37    1 1.  |t;   m 

in  M  ichigan  >  02.61,  66  72 

in  Wisconsin  '.'!    25 

Citj   properi  j .  set   Assessment  abla- 

tion taxes— Valual  ion 

( "It 3  -iieei-,  set  Federal-aid  mad       Public  works 
mad  eonstructioi 

City  taxpayers,  contributions  to  highwaj  funds 

(three  Stales,  1930)  23  29, 

ii. .in  7.' 
1  'lay  content-  of  soils 

as  affecting  suitability  of  soils  for  mud  nek 

mixtures  182  181,  I'M 

determination    by    hydrometer    and    othei 

sedimental  ion  met  hods 
effects  (general)  2.  11   16 

percentages  allowable  in   ha  p  com   e     nf  far 

surface  treated  'cads  •.'.  20 

plastic  properties,  reduction  of.  recommended 

research  2 

reduction  by  admixtures 

relation  to  soil  constants  15  19 

values  for  various  :  oil  1,  5, 

is.  Pi,  1011.  nil.  105,  1 
v,<  also  Binding  materials,  hinders 
Climatic    conditions,     weather    condition.,     a 
affecting: 
con  istencj  of  concrete  mixed  under  field  con 

ditions  111,1 12 

ml  behavior  2,  16,  181 

stability  of  asphaltic  paving  mixture  197, 

205,206,  200  211,218 
iai  1  reated  road  lurfacos  1  3,  (;.  7.  1 1 

visibility  of  highway  signs  .  110,  123,  127,128 

1  '  mate] ial,  u  e  in  stabilizal ion  '.1  1 1 

in    in  1  a  ■  '  reated  roads  2,  :t.  20 

1  'ode  .    tandaidi    ing  III"1'  I  109, 

I  in.  122 

1  'oil,'    loll    I"      oil  ',||     pi.    I  ,| 

<  'oker,  l'    '  1  ins 

( 'ollection  and  admini  tral  ion  co  i 
ol  "a  loline  tax  receipts 
of  motor  vehicle  registi  ation  and  allied  fei 

11,55,60 
Colloid  contents  of  soils 
as  affecting 

propel i i    ml  11  pi,  1S2  184 

rale  of  sedimentation  of  soils  us,  m:t 

viscosity  of  suspending  medium  in  sedi- 
mental ion  tests  ol  soil  !is 
as   indicated   by   liquid   limit    and   shrinkage 

limit  183,  184 

tesl  results  for  various  soils  I   5,95,  104 

"Composite  mile"  of  road,  cost  index  i    -i  92 

Compressij  p  strengl  h 

of  cemenl   mortar  specimens  as  affpcted  by 

curing  method  106  ins 

of  concrete  slabs  as  affected  bv 

delayed  finishing  I  10,  131,  145,  1 17  154 

vibration  130,  131,  136  140,  154 

Compressive    stresses     m     concrete     paxement 

slabs  185  187 

Concrete: 

structural  concrete,  cosl  index  data    81,83  87,90,91 
[c 

col  Ion  mat  curing    e  7  :  80,  92 

effeel  of  vibration  and  delayed  finishing 

on  slabs  129   154 

structural  tests  of  concrete  pavements, 
analytical  tools  for  nidging  results 
of,  a  185   188 

set  also  headings  beginning  Concrete.  Curb 
Concrete  arch  construction,  Freyssinel  method 
( 'oncrete  mads: 

finishing  methods  (standard,  vibration,  and 
Johnson  methods),  comparative 
results  129   154 

in  M  ichigan  63 

mile    < 

in  Illinois 

in  Wisconsin  22 

of  Federal-aid  concrete  pavements  built, 

192.3  31  86 

of  State  highways  completed,  1923  :>l  s7 

mud  jack  operal  34,  194 

plaee  in  "composite  mile",  cost  index  of  liigh- 

w  a>  construcl  ion  56,  81  92 

Cone  method  voids  determination  of 

asphaltic  paving  mixtures  .  206,207 
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( Consistency,  consistencies: 

ol  bitumens  extracted  from  mats  and  bases  of 

tar  surface  treated  roads 11,12 

of  bituminous  materials  — 
cited  on  stability  of— 

paving  mixtures ..   197-211,218,219 

tar  surface  treated  r Is  2 

requirements  for  liquid  asphaltic  mate- 
rials   212  JIN 

tests  for  and  various  test  values. 8, 

11,200,212-218 
o[  cement  mortar  mixtures  in  curing  methods 

test  specimens.  - .      106 

of  concrete,   effects  upon   slabs   finished   by 

standard,  vibration,  and  Johnson 

methods..-  129-154 

of  mud  jack  paste  -   181,  182,  1st.  194 

of  soils  as  indicated  by  liquid  limit         183,  184,  194 

t  'onstruction  (highway),  cost  and  usage  indexes.       56, 

81  -92 
Cook  county,  Illinois,  financial  survey  data  .  37, 

38,44  16 
Corner  stresses  in  concrete  pavement  slabs.  .  is:,,  186 
Corporation  taxes  and  imposts  39,  10,58-60 

Corrugated  culvert  pipe  (cast-iron),  strength 162- 

166,  178 
< 'osl  data 

costs  occasioned  by  traffic  delays    230,231,239,240 
for— 

Federal-aid   road    construction,   current 

itus   (monthly).   155,  156,  179,  180,  196, 
220,  221,  244,  245;  rear  covers  of  Nos.  1-12 
U.S.    Public   Works  road  construction, 

current  status  (monthly)  155,  156,  179,  180, 
195,  196,  220-222.  244-246;  rear  covers  of 
Nos.  8-12 

New  Jersey  high-level  viaduct 223.  230,  231 

in  surface  treatment  of  roads  .     2,6,  ..  Hi 

»i  also  Administration     Cost  index 
Cost  index  of  highway  construction.   ---  56,81-92 

<  'otton  cloth  for  curing  concrete 77.  78 

i  nt  I  on  mats  for  curing  concrete,  a 73-80,92 

County  debts,  county  mad  bonds  (three  States).       25, 

26,  II.  15,52,53,55,64 
( 'ounly  roads 

mileages,  financing,  traffic- 
in  Illinois 37-51,56 

in  Michigan .    ..    ....—  57-72 

in  Wisconsin  21-36 

County  taxes  (three  States) 21-23, 

25,28,29,37-41,49,57-60,62  65,68 
Cover  material: 

crushing  in  mats  of  tar  surface  treated  roads  2.  12,  13 
types,  sizes,  and  application  methods  used  in 

tar  surface  treatment  of  roads 1, 

2,6-8,  in  13,  17.2(1 

Covert  road  act,  Michigan.   57,63,64,68 

( 'racks 

in  asphaltic  paving  mixtures. 206,  218 

in  bases  and  surfaces  of  tar  treated  roads 2-5, 

10,  12,  18-20 
in  concrete  pavements,  relation  to  quality 
of    - 

mud  jack  mixtures 182 

subgrade  soil 14,16 

in  culvert  pipe  (cast-iron),  moduli  of  rupture 

in  strength  tests         ...    160-178 

<  'rushed  stone: 

data  from  cost  index  of  highway  construction  s: 

use  in  tar  surface  treatment  of  roads  - 

as  cover  material 1,2,6-8,10-13,17 

in  stabilization  of  base... 2-  I,  7,  20 

see  also  Aggregates. 
Crushed  stone  concrete  slabs  as  affected  by  \  ibra- 

tion  and  delayed  finishing..  129  154 

Crushing  strength,  see  Compressive  strength. 

<  'ulverl  pipe,  cast-iron: 

ili    es  of  and  strength  requirements  for 177 

design  data  and  recommendations 157, 

158,  Kit,  165,  169,  177.  17s 

strength  tests,  a....   ...      .-... 157-178 

Culverts,  length,  practice -       91 

( 'ups.  soil  dispersing 94,  100,  101, 105 

Curing  conditions,  effect  on  strength  of  cement 

mortar,  a ....    106  108 

Curing  of  concrete  by  use  of  cotton  mats  and 

other  surface  covei  ..  73-80,92 

Curves  (highway),  signs  al  .    ..    1 1 1-115,  1 18   127 

( 'lit -hack  materials: 

temperature-viscosity  test  data             ...     212  218 
use  as  bituminous  coatings  in  curing  of  con- 
crete    73  78 

I) 

Debts  of  governmental  units,  debl  service  (three 

Slates,  1930)..     21. 

25  28,  3 1 .  35,  37,  44-51,  56,  57,  63-72 
Deflection  moduli  of  concrete  slabs,  determina- 
tion iso.  is; 
I  leflections: 

in  concrete  pavement  slabs  185  188 

in  culvert  pipe  (cast-iron)      ..   159,160,163  167,178 

in  strips  cut  from  metal  pipe  169  171 

in  subgrades  ..  188 

Deflocculation  of  soils..   ...     ..      93-95,98,102,103,105 

I  (eformations: 

in  asphaltic  paving  mixtures  under  traffic.   197-211, 

218 
in  concrete- 
control  in  Freyssinet  arches.        -     ...         232 

measurement 193,  194,232 

in  soils . .  16 


Page 
Density,  densities: 

of  asphaltic  paving  mixtures,  stability  test 

data 197-211,218 

of  concrete — 

as  affected  by  vibration  and  by  delayed 

finishing  of  slabs 129-131, 

133,134,143-145,  151,153,  154 

determination,  methods  of 130,131,133,  153 

relation  to  durability ...      153 

of  soil  suspensions  and  of  suspending  medi- 
ums, data  from  hydrometer  test    ol 

soils.... 95-99,101.  105 

of  water,  value  used  in  calibration  of  new  hj  - 

drometers 96,  lOi 

highway: 

as  affected  by  changing  usage ..     .    90-92 

mi  also  names  of  types  of  highways  and  names 
of  features  of  design. 

I  (electors,  automal  ic  traffic  light 233,  237 

Dispersing  agents,  deflocculating  agents,  used  in 

sedimentation  soil  tests 93-95, 

102, 103,  105 
Dispersing  apparatus  used  in  sedimentation  soil 

tests     .  94,  100,  lol.  103,  105 

Displacement,  set  Stability. 
Districts  (road  and  other),  district  taxes: 

in  Illinois 38,  II 

in  Michigan 58,63,68 

I  'rain  tile  testing,  r.  to  p 167  (fn) 

Drainage  act,  drainage  districts  (Michigan) 58,63 

Drainage  of  subgrades  and  bases  of  tar  surface 

Healed  roads  ..  10.  16,  17.20 

Drawbridge  openings,  effeel  upon  traffic  flow     223  228, 

230,  231 
Drying  methods  and  temperatures  used  in  tests 
of: 
concrete  cores     -      131 

soils 102,103 

Ductility  of  asphalt  cements  as  affecting  stabil- 
ity of  mixtures 200,  206 

Durability  of  concrete,  relation  to  density  and 

absorption 145,  153 

Dust  content  of  asphaltic  paving  mixtures,  data 

from  stability  tests 207.210 

Dust  forming  properties  of  soils  (Group  A-2) 16 

Dusi   prevention,  set    Bituminous  surface  treal 
ment.  of  roads. 


Earth  and  gravel  roads: 

in  Illinois 38,47 

in  Wisconsin 22 

place  in  "  composite  mile  ",  cost  index   of 

highway  construction 56,84,85 

State  highway  mileages.  1923-31 87 

tar  surface  treatment 1-20 

Economic  losses  due  to  traffic  delays 231,239,240 

Economic  value  of  New  Jersey  high-level  via- 
duct   22 

Edge  stresses  in  concrete  pavement  slabs- 185,  186 

Education,  funds  and  expenditures  for  21,  26, 

27,  31,  35,  3s,  44-17.  51,  53,  55,  58,  64-66,  72 
Elasticity: 

of  concrete,  modulus  (i)  of— 

assumed  value-    189,193 

determination 185   188 

of  culvert  pipe  (cast-iron),  moduli  for  pipe 

and  strips  from 1(15-17(1,172  177 

of  soils — 

as  affecting  suitability  of  soils  for  road 

purposes 14,  16,  1 9,  20 

modulus  of  for  subgrades   in   compres- 
sion   iss 

Embankments,  width,  practice 91 

Emmons,  W.  J.,  a 197-211,218 

Engler  viscosity  tests  and  test  results      5(fn),8,  10,212 

Eno,  F.H    ion,  in;, 

Equalization  boards,  equalization  of  tax  valua- 
tions           --.    .   21.  .is 

Erosion  of  lopsoils  in  cuts  and  fills -      184 

Evaporation 

of  moisture  from  curing  concrete,  tempera- 

ture-lowei  ing  effect  "I  75-77 

of   soil    moisture     .  I  1.  Hi.  20,  102,  182,  183 

Excavation,    highway    construction    cost    index 

data  .....       ...    .   56,81-92 

Exemptions  and  refunds,  lax   .       23,24,  12,52,54,60,61 
Expansion: 

ofsoils. . 14-111,19 

thermal  expansion  of  metal  of  strain  gages- 
coefficient  of,  for  brass  gages  189 
compensation  for  in  improved  gage      191,192 
Expenditures: 

by  unils  of  government  (three  States.  1930) 

per  capita   distribution.     26,27,31,45-47,65-67 
total  expenditures,  relation  to  higrrw  ij 

expenditures. 21,  26  28, 

31,  35.  37,  39.  45-47,  51,  57,  CI  66,  72 
highwaj  expenditures  (three  States,  1930)  — 
for  rural  roads,  relation  to 

expenditures    for    city    and     village 
streets      .26-29,  31,  33-35,  45  51,  56,  66  72 

rural  and  urban  revenues 29,  31, 

33-35,47-51,56,66  7.' 
per  vehicle  mile  of  travel      31.  33.  31,  48,  07  69 
relal ion  in  incidence  "f  taxes  and  use  of 
highways  in 
Illinois  . .  37-51,56 

Michigan  57-72 

Wisconsin        .  .   21-3G 

set  also  Cost,  data-  Cost   index  of  highway 
construction— Federal-aid  roads 


Page 
Exposure  cabinet  used  in  concrete  curing  tests. .  73-76 
Express  highway  (New  Jersey),  traffic  on  high- 
level  viaduct  of 223-232 


Federal-aid  road- 
funds  for  .....   ...   ..23,26-29. 

31,  35,  38,  30,  44,   Ic   Id.  51,  56,  58,  62,  66-72,  155, 
150,  179.  ISO,  1%,  221),  221,  244,  245;  rear  covers  of 

Nos.  1-12 
mileage 

in  Illinois.     ..     .38,48 

in  Michigan..     .   58,69 

in  Wisconsin ._  22.2s..;i 

of  concrete  pavements  built,  1923-31 86 

statistics  of  construction   (current),   by 

States 155,  156.179,180,195,196,220- 

222,  244-246;  rear  covers  of  Nos.  1-12 
"  Federal  yellow,"  use  in  highway  sun  111,  128 

Feeder  roads,  see  Rural  roads— Secondary  roads. 
Fees,  see  Registration  fees— Taxes  and  imposts. 
Fillers: 

silt  fillers  in  soil  mortars 14 

see  «/so  Silt  content  of  soil, 
types  and   quantities  used   in.   and   effects 
upon    stability    of,    experimental 

asphaltic  paving  mixtures 198, 

200,  205,  206,  210 

Fills,  sliding  of  soils  (Group  A-6)  in 16 

Filter  used  in  soil  lests    102 

Finance,  highway,  see  Bonds  (highway  bonds) 

Expenditures— Federal-aid  roads- 
Financial    surveys— Grants— Rev- 
enues—State  aid  funds 
Financial  surveys: 

Illinois 37-51,56,92 

M  ichigan 57-72 

Wisconsin 21-36, 92 

Finishing  machines,  types  used  in  finishing  meth- 
ods tests  of  concrete  pavements  ...     129, 
135-137,  144-146 
Finishing  of  concrete  pavements: 

delayed  finishing  (Johnson  method) 129-134, 

145-154 

vibration  method 129-145, 153, 154 

Fle.xural  strength: 

of  concrete,  as  affected  by — 

aggregates,  types  and  quantities  of. ..   138-143, 

151,  154 
finishing    methods    (vibration,    delayed 

finishing) . .     131-133,  135-143, 145,  147-154 
of  mortar  specimens,  comparative  strengths 
of  mortars  cured  under  cotton  and 
those  cured  under  burlap. .....  78-80,92 

Flexure  formula  for  culvert  pipe  (cast-iron)  ...   167, 168 
lloai  tests,  temperatures  of  and  test  results  of, 
data  for: 
bitumens    extracted    from    surface    treated 

roads 11, 12 

liquid  asphaltic  materials 212-218 

tars  used  in  surface  treatment 8 

Flocculation  of  soils: 

chemicals  in  group  A-7  soils  productive  of.   .       16 

prevention  in  hydrometer  test  ofsoils 98 

Flow  curves  of  soils: 

plotting  of.  method .     183,184 

significance    in    selection    of   soils    for    mud 

jacking 182,184,194 

Fluidity  of  mud  jack  mixtures  and  lests  for  de- 
termining      181-184,194 

Franchises  for  use  of  streets  (Illinois)....  tt 

Freezing  of  concrete,  prevention  by  use  of  cotton 

mats,  investigation 74 

Freight  charges,  place  in  cost  index  of  highway 

construction 83,  85 

Freyssinet  method  of  concrete  arch  construction.      232 

Friability  of  soils,  friable  soils Id.  20 

Frictional   resistance   of  subgrade   as   affecting 

spread  of  mud  jack  material 181,  182 

Fuel  taxes,  see  Gasoline  taxes. 
Funds: 

highway  funds,  sre  Federal-aid  roads — 
Gasoline  taxes— Grants— Registra- 
tion fees-  'Faxes  and  imposts. 
Stale,  county  and  municipal  funds,  flow 
from  urban  communities  to  rural 
areas. 26, 27, 31,  34, 35.  38,  46-51,  56,  58,  66-72 
Furol  viscosity  tests  of  liquid  asphaltic  materials 

al  various  temperatures 212-218 

G 

( lasoline  consumption: 

data  fin 

I  hree  States  (1930)      22-24.  29,  30. 32.  41-43.  61, 62 
United  States,  by  States  (19321  ..  52,53 

during  traffic  delays  239 

gallons  per  vehicle,  by  vehicle  type  and  place 

of  ownership.         .     24,29,30,32,41-43,61 

mileages  per  gallon  of  gasoline.   .   30,62 

(lasoline  inspection  imposts  in  Wisconsin 24,25 

Gasoline  taxes,  motor  fuel  taxes 

payments  per  vehicle  (1930)-  24,25,32,42-44,61,62 

ra  tes- 
ta three  States  (1930,  1931)    .         23,34,  12,  I:;. on 
in  United  Slates,  by  Slab's  1  1932)  52,53 

receipts  from  and  their  distribution— 

in  Illinois  (1930) 39-44,47 

in  Michigan  (1930)   .  .  59-64,67,68,70 

in  United  States  (1932) 52,53 

in  Wisconsin  (1930) 22-25,32-35 
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Pai  . 
i  la  oline  taxes,  motor  fuel  taxes  -<  !ontinued. 

refunds  in  United  stales,  by  States  (1832)  ..  52,53 
relative  payments  bj    urban  and  by  rural 

taxpayers  (i  hree  State  23  25, 

12  il,  17,61,62,6" 

Qemeny,  . \  1 1  > i 1 1  I,.,  joint  author  .  232 

George  w  ishington  bridge,  traffic  data  223, 

224,228,229 

t    ia,  topsoil  mails  17 

Governmental  purposes,  funds  and  expenditures 

i. ii  (three  States,  19  10)  21,25  'J7. 

31,35,37,44  47,51,57,64,65,72 
i  Iraded  and  drained  mails: 

State  highway  mileages,  1923  31  N7 

see  also  Earth  and  gravel  mails    Secondary 
mails. 
i  ii  i. in 

highway  grading,  place  in  "composite  mile" 
of  highway  construction  and  costs 
of-..  56,84  86,  'ii 

hi  iggregates— 
affecting- 
concrete  slabs  finished  by  vibration 

and  by  Johnson  methods.  -  129-154 

percentage  of  voids  in  asphaltic  pav- 
ing mixtures.  ...  207 
stability   of  asphaltic   paving   mix- 
tures                                      .   197-211,218 
gradings  used  in  cover  material  oi  tai 

surface  treated  mads  i,  8,  12 

n[  soils- 
tor  use  in  muu  jack  operations.  .  .  .    182-184,  194 
in    stable    untreated    road    surfaces    in 

Georgia -        17 

in   tar  surface  treated   mads  in   North 

Carolina..  4,  a 

tesls  for  determining,  test  results  for  var- 
ious soils .  2-5,93-105,182-184,194 

( (rants  and  aids,  governmental  26, 

27,  33,  43,  46,  4s,  50,  53,  55,  58,  62,  68  70 
set     also     Federal-aid    loads     Public    works 
road  construction    state  aid  funds. 
Granular  material,  use  in  tar  surface  treatment 
of  roads 

as  admixture  in  base  courses 2,  ii.  16,  20 

as  top  course 2,3 

Gravel: 

as  base  course  of  tar  surface  treated  roads        1,2,11 
Platte  Rivei  gravel               129,  130,  145,  148,151-153 
Gravel  concrete  as  affected  by  vibration  and  de- 
layed finishing .   129-154 

i.i  ivel  roads,  set  Earth  and  gravel  roads. 

Grid,  wire,  for  determination  of  honeycomb  in 

concrete 133,134 

Gumbos,  Minnesota  18,20 

H 

llackensack  River  Bridge,  traffic  data    223,  224,  226-231 
Hardness: 

of  asphalts  as  affecting  stability  of  asphaltic 

mixtures 199,  200,  205,  206,  210,211,218 

of  soil  mad  surfaces  as  affected  by  sand  con- 
tent of  soil.  182 
oi  tar  mats  of  surface  treated  load-  12 
in  t  i  .•  hardne  -  of  concrete  as  affected  by 
vibration    and    Johnson    finishing 
methods..               ..   134,  144,  145,  152,  154 
Hardness  testing  machine,  description.    .                    134 

Harrison,  J.  L.,  a   81   92 

ii  u   hness  of  mixtures  for  mud  jacking         181,182,184 
Ileal    absorption    by    concrete    pavements,    as 
affected  by: 

color  of  cement ..  74-77 

cotton  mats  and  other  curing  ",.;  80,92 

Heaving  of  subgrade  16,  188 

Holland  tunnel,  traffic  dal a  223,227,228,   131 

lb, line-.  E.  H    (author  and  joint  author),  a  233    !43 

Honeycombing  of  concrete,  extent  and  distribu- 
tion: 
as  affected  by  wooden  separators  ..      143 

in  slabs  finished  by  standard,  vibration,  and 

Johnson  methods  131   134,136  144,14;    153 
method  of  determination  oi  133 

relation  to— 

consistency  of  concrete      .  129,137-144,147  153 
trength  oi  slabs  variously  finished       131-134, 
136  I  13,  I  17-152 
lluiiii  ud-l-  add  stabilil  j  tei  t;  oi  asphaltic  pai  ing 

mixtures   .  206  209,  211 

Humidity,  atmospheric,  as  affecting: 

consistency  of  concrete  141,142 

temperature  of  concrete  curing  under  cotton 

mats  7n 

Hydrogen  peroxide  treatment  of  soil  samples        94,  102 
II  Mlniiucter  method  of  mechanical  analysis  of 

soils,  a  93   Hi": 

Hydrometers: 

Bouyoucos  and  specific  gravity  hydrometers 

and  reading  93  105 

peeifii     ravitj   hydrometer    m  h   .  de  ci  ip- 

tion  .  101,  102 


i 


37-51, 


Illinois  liiiaii.  i  .I    hi    i 
Illinois  highway  system: 

mileages  and  types  of  surfai  i  i  14,47,48 

set  also  Federal-aid  road 

Impaci    loads,  effects  upon  concrete  slabs,   pm- 

I  study  of  194 

Income  taxes,  VViscon  21,24,25 


Pai  i 
indices: 

cost  index  of  highway  construction  56,81  92 

e  index  for  mile  of  mad  56,  81,  83,  90  92 

Inertia,  moments  of,  data  from  strength  tests  of 

cast  iron  culvert  pipe  165,  167,  169 

Inheritance  taxes  21,24,25,39,40,58  60 

Insulating  properties  of  cotton  mats  for  concrete 

curing  73  7s.  92 

Insurance  taxes  21,  39,  10,   8  60 

Intersections  (street  and  highway),  traffic  How  at: 
data  from  i  one  sludj  of  high  level  \  iaducl        223 

231,232 

effect  of  coin  ml  methods.  233  242 

"Invar"  mi 

J 

Jacking  opeial  ion 

in  concrete  arch  construction  (Freyssinet)         232 

mud  jack  operations  181    184,  194 

Jackson.  F.  11.,  joinl  author,  a  129  154 

Johnson,  Prof.  J.  Ii  .    107,  108 

Johnson  method  of  concrete  pavement  finishing      129 

134,  145   154 
K 
Kaolin. ....  .....  .     17.  Is 

Kellermann,  W.  F.,  joinl  author,  a  .. 129- 

154,  l.r>7  178 
Kelley,  E.  F.,  joint  author,  a  .     157-178 

Kerosene    cut-back     products,    lemperature-vis- 

cosity  test  data  .    212  .'is 


Labor,  place  ii st  index  of  highway  construc- 
tion   84,88 

Lauer,  Prof.  A.  It. .      116 

Lewis,  K.  11..  joint  author,  a 212  218 

License  tags,  automobile,  color  combinations  of..      llii 

Licenses,    line  taxes     Registration  fees. 

Licensing  of  motor  vehicles,  cost  data 23,  11,60 

Lights,  traffic,  set  Signs  and  signals. 

Lime  as  soil  constitutenl  (Group  A  7soils)      ...        16 

Limestone  concrete  as  affected  by  vibration  and 

delayed  finishing    129-154 

Limestone  dust,  use  as  tiller  in  experimental  as- 
phaltic paving  mixtures---    198, 

200,205,206,210 
Liquid  limit  of  soils: 

definitions .   ..  ... .  14,  183 

significance ..   14,15,17-19,182-184,194 

test  methods  and  lesl  results  .       -  4,5,  183,  1X4.  11)4 
Load,  application  methods  and  applied  loads: 
as  affecting   stress   distribution   and   conse- 
quent  tensile  strength  in  cement 

mortar  briquets 107,  Ids 

in   stability   tests  of  asphaltic   paving   mix- 
tures    197.  198,210,211 

in  strength  tests  of 

concrete  variously  finished    130- 

133,  137-143,  1  17   I  19 
culvert  pipe  (casl  iron) 

data  for  pipe  of  several  designs  .      157  178 
position  of  load- 
influence 163,  167,  17s 

specifications  158,  159 

mortar  cured  under  sin  face  coverings  78 

in  traffic  tesls  on  circular  test  track  197,  198,  219 

Load-deflection  data: 

for  culvert  pipe  (cast-iron)   ..     ..   ..  164  167 

for  strips  from  culvert  pipe  (cast-iron)      ...        171 
Local  mads: 

funds  for  (1932)  from  - 

gasoline  tax  receipts ..  .r>2 

motor  vehicle  receipts  ........     ..       55 

see  also  Earth  and  gravel  mads     Federal-aid 
mads     I'  inancial  surveys. 
Low-cost   mads,    see    Earth    and    gravel    roads 

Rural  roads    Stability. 
Luckiesh.   \l  116 

M 

lam  roads: 

i .  bases  oi  tai    tn  face  treated  road  1 

bituminous    macadam    mads,  see    Bitumi- 
nous roads. 
penetration  macadam  mads,  lack  of  viscosity 

requirement .  216 

place   in   "composite   mile",   cosi    index   of 

highway    construction  56,84,85,87 

Stale  highway  mileages,   1923  31  87 

Maintenance,   road: 

data  concerning  tai  surface  treated  roads  1,2, 10, 11 
revenue    and  expenditure:    for  (1930)  in— 

Illinois  .  18,  19 

Michigan  59,66,69,70 

u  i  cousin  21,  -' 

i  .  highway  : 
place  in  cost  index  of  highway  con  iiuriion      81, 

83,8  i  91 

also  nai I  materials. 

Mc<  'ulloiigh,  ('.  Ii..  joint  author  232 

Measuring  device   and  apparatus  159, 

160,  163,  170,  189  194,  197,201,211 
Mechanical  analyses: 

of  aggregates,  various  test  values  8,  12,  129 

of  soils 

beaker  method  102  105 

hydrometer  method  93  105,  194 

pipette  method  93,  94,98   100,  102   105 

te  i  value    foi   .  ai  ious  soils  3  5,  183,  184 

value  "I  lieve  and  othei  te  i  -         2,  :i,  16,  98,  182 


Micaceous  soils  as  base  material  for  lai     urface 

healed  road  i,  17.20 

Michigan  financial  survej  .'.7  72 

M ichigan  highwa>  ,\  item 

mileages  and  jurisdicl  inn  58, 

atSO  Federal  aid  mad  i 

\l  icrometer  calipei  i,  u  e  in  te  i  170 

Micrometer  dials: 

calibrating  device  192,  193 

use  in  tests..  159,  IfiO,  163,  I7n 

Mile  (composite)  of  highway,  price  and  u 

indices  56,  si   92 

Mileage  dala 

highwaj  mill 

Illinois  38,39,  II,  17.  Is 

Michigan  58,59 

stale  highways,  1923  31,  by  types  of  sur- 
facing s7 
Wisconsin                                                 22,  28,31,34 
Set   also   Federal  aid  mads      Public  uml 
mad  construction. 
vehicle  mileages 

per  gallon  of  gasoline  30.  i>2 

survey  .lata  for  three  States  22, 

24,29-34,39,  II    II.  18,61, G2,  67  69,92 

toui  mi'  mileages,  Wisconsin  36 

Mills,  F,  W  ,  a  lli'.i   128 

Mix,  dry,  use  in   vibrated  and  other  concrete 

slabs  129    151 

Mixing-plants,  portable,  use  for  bituminous  mad 

mixes  21.". 

Moisl.  closet  curing  of  cemenl  mortar  as  affect- 
ing strength.  IOC  108 

Moisl  lire: 

ground  moisture  as  affecting  volume  chi 

in  soils.  2 

hygroscopic  moisture  in  soils,  determination 

in  pipette  method  of  soil  analysis  102 

Moisture  content: 

of  concrete,  retention  by  use  of  cotton  mats 

and  burlap  during  curing  7:s  80,92 

of  soils— 

al.soi  ption  nf  watei  bj  -ml-  15,  hi.  is 

capillary  moisture  -        2,14  17,182,183 

requirements  in  sods  suitable  for  mud 

jacking  operations.  184,  194 

soil  constants  of  various  soils  .  1,5,14  20 

see  also  names  of  soil  constants. 
Moisture  equivalent  of  soils  1.  5,  I  I,  15,  17  211 

Moisture  loss,  see   Evaporation     Mortar  speci- 
mens. 
Molds  (metal  contacl  ,  ca  ting   in  as  affecting 

strength  ofcast-iron  culvert  pipe    -      178 
Mortar  specimens: 

moisture   loss   during   Hiring    under   surface 

coverings  7s  80,92 

strength  as  affected  by  curing  conditions  7s  80, 

92.  k  11;   Ids 
Motor  busses,  set'  Motor  I  rucks  and  motor  busses 
Motorcycles,    registrations    and    receipts    from 

(1932)  54,55 

Motor  trucks  and  motor  busses: 

financial  survey  data  it  hree  States) 

gasoline     consumption     and     mileages 

traveled  29,30,32,33,42   14,60  62 

tax  payments  (gasoline,  license  feci  23  2.",. 

32,41    11,00  62 
traffic  survey  data,   New   Jersej    high-level 
viaduct  221  227.  2 

set  also  Registrations. 
Molor  vehicle  departments,  costs  and  services: 

in  Illinois   .  II 

in  Michigan  60 

Molor  vehicles: 

assessed  value,  average,  in  Wisconsin.  1930  23 

ownership  and  taxation 

city-owned,  rurally  owned  motor  vehicles 
and  revenue    from  (three  States, 

193(1) 

27,29   14,46  51,58  62,64,66  72 
publicly  owned  motor  vehicle  '  '  '    ' 

fee  (Wisconsin.  1930) 
lax  exempt  official  motor  * ehicles,  n 

trations  .all  States,  1932)  .".1 

set  also  Gasoline  taxes    Registration  fees. 
use  for  pleasure,  for  busini  msin) 

see  also  headings  beginning  Traffic,  Travel. 
M01111I  Vei  n..n  Memorial  Highu  ay: 

mud  jacking  ls:i 

roughness  indicator  readings  III 

Mud     jack    operations,    selection    of     materials 

for,  a  181-184,  10  1 

Municipalities: 

extensions  of  Federal-aid  highways  into  and 
through    in     U  S.     Public    \\  01 1 
road  construction  1  16, 

iso.  221. 21.".:  rear  cover  ol   No    10 
gee  also  Federal  aid  roads     Financial  surveys 

N 

Naphtha  cul  backs,  temperature-viscosity  tesl 

dala 

National   Conference  on   Strcel     ind    Highway 

Safety,  committee  109 

National  Industrial  Recovery  Vet,  set  Public 
works  mad  construction. 

New  Jersey  high-level  \  iaducl 

COSt  data  22:1,230.231 

traffic  flow  on.  a  223  232 

North  Carolina  roads,  tar-surface  treatment  l  211 


Page 
O 

i  lil-inspection  fees  (Illinois) 40. 43 

Oil  migration  in  oiled  aggregate  surface  under 

traffic  219 

Oiled   aggregate  surfaces,    behavior   under   tesl 

traffic  219 

oils,  road: 

consistency,  effecl  on  stability  of  oiled  aggre- 
gate surface  219 
temperature-viscosity  test  data                     212-218 
i  iregon  State  Highway  Commission,  r.  to  p  232 
i  trg  inic  material: 

in   asphall    cements   used    in   experimental 

paving  mixtures,  test  results  200 

in    soils,   removal    methods    in    mechanical 

a  ilj   i  -     102,  in:; 

1* 

Caddie,  stirring,  used  in  soil  disp  a   ion  94,  100 

Parks  (public), funds  for,  in  three  States.  21,22,38,58.64 
Pastes  lor  mud  jacking  operations  —  181-184, 194 

Patrol  maintenance  ol  tai  surface  treated  mad-. 

eost  data  HI 

Pauls,  J    T  ,  joint  author,  a  212-218 

Penetral  ing  properties: 

ut  a:  phall   cements  in  pa\  ing   mixl  ures  and 

effect  of  199,  -'it 

of   tars    (cold,    hot  i    in    surface    treatment    of 

road  1,2,8,10,11 

Penetration  tests  of  bituminous  matei  ial 

recommendation    concerning    semisolid    as- 
phalts 217 
tesl  results 

as  indicating  stabilit  v  of  asphaltic  paving 

mixture!  197-211,218 

lor  several  materials  -tin,  -hi.  -'17 

Permeability,  impermeability  ol    oil  15,20 

Pipe,  set  Culvert  pipe. 

Pipette  method  of  soil  analyst         93,94,98  100,102  105 
Placing  oi  concrete,  effecl  of  vibration  and  de- 
laved      finishing      on      pavement 
slabs  129   154 

Planes  ol  weakness,  relation  to  honeycombing  ..t 

pavement  concrete  1 13 

Plastic  limit  ol  sinls,  definition  l-l 

Plasticity  index  of  soils: 

as  determining  hydrometer  test  procedure  94 

definition  14 

significance  .  it.  15,  18,  19 

values  and  ratios  for  various  soils    4,5, 15,  K    19.94 
Plasticit  y  of  soils 
as  affecting 

dispersion  of  soil  particles  in  hydrometer 

test  of  soils  94,  105 

suitability  of  soils  for 

bases  and  subgrades  of  tar  surface 

treated  toad-  2  5,  10,  11,  14  20 

mu. I  jack  pastes  182 

reduction  methods  ..   2,3,20 

Platte  River  combination  as  concrete  aggregate 

properties  129 

use  in  slabs  finished  by  Johnson  met  hod  129. 

hill,  I  i:,,  148,150-153 
Pleasure  use  of  motoi  vehicles  (Wisconsin)    ._.     35, 3(5 
Poisson's  ratio   (concrete   pavements  and   sub- 
grades  of).-.  ...    .--    --      is."'.  18fi,  188 
pi, he  control  ..I  Hath,  223,  233,236  240 
Population,  distribution  of,  relation  to  taxation, 
highwaj    expenditures,   and    high- 
way use  (three  States)    ...       21-51,56-72 
Potassium  hydroxide  as  soil  dispei  ;ing  agenl  95 
Pressure,  capillary,  in  soils  It 
Price    indices    for    highway    construction    work, 

1922  32  56,81   B2 

Prime  coats,  primers,  in  tar  surface  treatment  of 

loads  1-3,5-12.20 

Privilege  taxes  (Illinois)  ..  10,43,44 

Projects   under    National    Industrial    Recovery 
Act,    see    Public   works   road    con- 
struction 
propet  i  s  taxes,  place  m  highu  aj  finance: 

genera]  propertj  taxes  (three  States).. 21-29, 

31,33-35,  38-41,44-51,57-72 

personal  property  taxes   - 

in  Illinois..         ._.. 38,44 

on  motor  vehicles 23.  25,  44,  55  (fn) 

Property  valuations,  see  Valuations. 
Proportions  of  materials: 

in  stable  soil  mixtures 13, 14 

variat  ions  in,  as  ailed  ing 

effecl  of  vibration  and  delayed  finishing 

on  concrete  slabs 129-154 

stability  of  asphaltic  paving  mixtures  .      198 

211,218 

Public  protection  and  benefit,  funds  for  ..     ...        21, 

26,27,31,35,38,  14-47,51,58,63  66,72 

Public  utilities,  taxation  of 24,25,44,58-60 

set  also  Railroads. 
Public  works  road  construction,  current  statu 

(monthly)-. .  155, 

156,  179,   iso,   [95,   196,  220  222.  -Ml  246; 
rear  covers  of  No-    S    I  2 

R 

Railroads,  taxation  of     ..     .  21,25,38-40,44,58,59 

Reflector  buttons  in  highway  signs 109.  119  128 

Refunds,  ga  "line  tax  and  registration  fee    ..    52, 
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Registration  fees,  licenses,  and  permits  (motor 
vehicle): 
receipts  from  and  their  distribution- 
financial  survey  data  (three  States,  1930)        22- 
25,  32,  33,  35,  39-41,  43,  44.  17.  7s  62,  64,  Ii7,  lis 
statistics  (United  States,  by  States),  1932 
relative    payments   in   three   States,    1930  — 

bv  urban  and  by  rural  taxpayers.  23-25, 

39,41.43,44,47,(1(1  62,67 
for  automobiles  and  for  trucks  anil  bus  > 

23,41,44,60,61 
Registrations,  motor  vehicle: 

data  for  three  States,  1930  23,32,41-43.60  62 

ratios  to  population  (three  States,  1930)    23,  11,60,61 
statistics  (United  States,  by  Slates),  1932.   .  54 

Retread  construction,  asphaltic  materials  for  use 

in  212.213 

Re-treatments  of  tar  sui  lace  treated  roads  l, 

2,6  8,  10,  II.  13 
Re\  run.'-,  highw  aj 

relation  to  highway  and  other  expenditures, 

1931) 

Illinois  37  51,56 

Mulligan  .      .    .      ...      ...    "2 

Wisconsin  21-36 

.v..  also  Federal-aid  roads    Gasoline  taxes 
i  irants     Registration  fees. 
Rigiditj  of  material  as  affecting  stress  distribution 

in  cement  mortar  briquets         ..  107,108 
Road-mix   construction,  asphaltic  materials  for 
ii:e  in,  \  iscosities   at   \  arious  test 
temperature  212,  21  I,  II 

Roadside  soils,  use  for  blotting  purposes  in  tar 

surface  Ireat  meiil  ..|  loads  2 

Rogue  Ri\  .a  Bridges  studies  232 

Roller  stability  machine,  description  and  use  210, 

211,218 
Rolling  of  roads,  rollei  ■  8,  13.  146,  Its.  197.207 

Roughness  of  foundation  as  affecting  displace- 
ment of  bituminous  surfaces  197 
Roughness  (road)  indicator  readings: 

\ 1 1  mu  1  Vernon  Memorial  Highwaj  10 

tar  surface  Heated  roads  ID 

Rupture 

in  cement  mortal  briquets  variously  cured.  107,10s 
moduli  ..1  rupture  for 

concrete  slabs  finished  by  vibration  and 

Johnson  methods  131-133. 

137-143.  147-150 

concrete   specil is   cured    with   cotton 

mats  and  other  surface  coverings  73,  79,92 
culvert  pipe, cast-iron..  157,  167  1119.  172- 17s 
strips  from  cast-iron  culvert  pipe  169  17s 

Rural  ana 

contributions    to    by    municipal    taxpayers 

(three  States,  1930)  26, 

27,31,34,35,38,46-51,56,58,66  72 
financial  sin  ve\  dala  ( I  luce  Slates.  193(1)  21-51,56  72 
Rural  driving  conditions  as  affecting  visibility  of 

highway  signs  1 11,  122.  128 

Rural  loads: 

mileages,  revenues  and  expenditures,  travel 

11931)1 

Illinoi  37  51.  56 

Michigan.  57  72 

Wisconsin  21-36 

sir  also  Earth  and  gravel  roads     Federal-aid 
roads     Local  roads. 


S 


Sand  admixtures,  use  in  stabilization  of  soils 2, 

3.7,  Hi,  20.  182,  I '.'I 
Sand  aggregate 

gradingsand  proportions  as  affecting 

quality  of  conrete  slabs  finished   by  vi- 
bration and  Johnson  met  hods     ..    129   154 
stability  of  asphaltic  paving    mixtures      198 

2I1.21S 
in. soil  mortars  .     .  13,  11,  10  is,  20 

" run-of-mine    Ottawa    sand",    use    in    test, 

specimens 106 

Sand  bearing  test  of  culvert  pipe 159 

Sand-cast  culvert  pipe,  strength  tests 157    I  7S 

Sand-clay   bases,   sand-clay-gravel   bases,   of  tar 

surface  t  reated  roads 1-20 

Sand  content  of  soils  and  influence  of. 2. 

3,7,  14.  lfi-2(l,  1S2,  184,  19; 
set  also  Mechanical  analyses. 
Sand-gravel  bases  of  tar  surface  treated  roads-.  2,3,9,  21 
Sand-gravel  combination,  use  in  concrete  slabs 

finished  by  Johnson  method 129, 

130.  145,  lis.  15(1   153 
Sand  layers,  use  in  tai  surface  treatment  of  roads.        2_, 

3,  7.  20 
Saybolt-Furol  viscosity  tests  of  liquid  asphaltic 

materials  at  various  temperatures     212 

21f 

Scaling  of  concrete  pavements    .    ..      .         153 

Screeds,  types  used  in  finishing  concrete  slab-  bj 

vibration  and  Johnson  methods...      129 
135-137,  145,  I  IS 
Screenings,    use    in   stabilization    of   tar   surface 

treated  roads. ..    3.7 

Screws  (reference),  placement  and  movement  in 
stability  experiments  on  asphaltic 

paving  mixtures 197,201,205,208,210 

Seal  coals: 

of  experimental  asphaltic  paving  mixtures     198  200, 

21  I 
"I    In      ill  face   treated    loads  I.  2,  6-8,  10.  I  I 
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Secondary  roads: 

projects  in  national  recovery  road  construc- 
tion . . .  195, 222, 246;  rear  covers  of  Nos.  8, 9 
in  also  Local  roads. 
Sedimentation  of  soils,  sedimentation  methods  of 

soil  analysis     .  _ 93-105 

Sheai  failure  of  soil  cake  in  liquid  limit  test 183 

Shippey,  K.  K.,  joint  author,  a...  106  ins 

Shoulders  of  highways,  width,  practice  91 

Shrinkage  hunt  of  soil: 

definitions.  .  14.  182.  183 

values  for  various  soils  4,  5,  14,  15,  19,  184 

Shrinkage  proper!  ies  of  soils 

as  affecting  suitability  of  soils  for  use  in— 
bases  and  subgrades  of  tar  surface  treated 

roads   .  2.  1.5.  14-19 

mud  jack  pastes  . .    182-ls).  191 

as  indicated  by 

ratio  of  shrinkage  limit  to  liquid  limit         is:i, 

184,  lot 
soil  constants  14.  15,  Is,  19 

reduction  by  admixtures  182-184,  194 

Shrinkage  ratio  of  soils: 

definition..- II 

values  for  various  soils  1,5,  15,  17-19 

Sieve  analyses,  sec  Mechanical  analyses. 
Signs  and  signals,  road  and  streel 

automatic  traffic  lights  2:13-241 

colors  and  forms  of  109-128 

funds  for  ..  .    21,25,55  (fn) 

standardization  of  luminous  signs    109,  111),  ill.  128 
vi  1 1  "I  ii  \  (comparative)  of  luminous  and  non- 
luminous  sign  .   109-128 
-ill  .   intent : 

ut  sand   aggregate  as  affecting   stability   ol 

asphaltic  paving  mixture   205 

of  soils 

as  affecting  properties  of  soils.   14,  16-18,  182,  isi 
determination  by  hydrometer  and  other 

sedimentation  methods  93-105 

values  for  various  soils--  1,5,184 

Slap    concrete   pavement    slab-    at    affected    bj 

vibration  method  of  finishing       129  145, 
153,  154 
Slaking  of  soils,   slaking   property   of  soils,   as 
affecting: 

soil  dispersion  in  hydrometer  test    ... 94 

suitability  of  soils  I'm  mud  jack  paste  182 

slump  of  concrete 

differences  in,  for  slabs  finished  by  standard, 

vibration,   and   Johnson   methods       129, 

142,  150.  153,  151 

effects  upon  slabs  variously  finished  .._.   129  154 

Snow  as  affecting  visibility  of  highway  signs        11(1. 

ill,  119.  125,  128 
So. hum    carbonate,     sodium    oxalate,    sodium 
silicate  as  deflocculating  agents  for 
soils-..  93  95.  102,  103 

Soil    analysis,    see    Mechanical    analyses— Soil 
constants— Soil  groups-  -Soil  tests. 
Soil  constants  and  statistical  ratios  of..    .   4,5,14  20,105 

see  also  names  of  soil  constants. 
Soil  groups  and  soil  classification  by_. .       1,  5,  16,  18-20 
Soil  mixtures,  stability  of,  theory  of  ...  13,14 

Soil  moisture,  see  Moisture  content 
Soil  mortar,  character  and  proportions  in  stable 

soils 13.  14 

Soil  particles,  particle-size  determination  by  sedi- 
mentation methods  of  analysis        93   105 
Soil  suspensions  in  hydrometer  tests  of  soils         95  1115 

Soil  lesis 

bibliography 105 

methods  and  results  (various)  .       3-5, 

93-105,  181-184,  194 

Soil. 

"average"  or  "statistical"  soils,  statistical 

ratios  of  soils 2.15    19 

characteristics  of  soils  suitable  for  use  in— 
bases  and  subgrades  of  tar  surface  treated 

roads 2-5.  HI,  13-21) 

mud  jacking 181    184,194 

classification,  set  Soil  constants    Soil  groups— 
Soil  tests. 
specific  gravity  (ies): 

of  asphaltic  paving  mixtures,  stability  tesl 

data 201,210 

of  bituminous  materials,  test  values  for  vari- 
ous materials      8.10.200.213.214 

of  concrete  test  cores,  computation  method 

and  test,  results 131,133,153 

of  soils  and  of  suspending  medium,  hydrome- 
ter test  data 93-97,99,105 

Specifications: 

for  bituminous  materials  used  in  tar  surface 

treatment  of  roads. s.  in 

for  concrete  in  pavement  construction,  water 

content  specifications .       141 

for    culvert    pipe    (cast-iron),    strength    test 

data 157- 17S 

for  highway  materials  as  affecting  price  index 

of  road  construction S3.  84,  88 

for  strip  tests  of  metal  culvert  pipe      ...      169,170 

for  test  temperatures  in   viscosity   tests  of 

liquid  asphaltic  materials.  .   212  21s 

for  test  in--  I".- !  land  cement  (cut  ing  mel  hod)        10s 
Speed  of  traffic: 

measurement,  improved  method  of,  a        .  212-243 

relation     to — 

control  methods  at  streel  intersections        233. 

210   242 

visibility  of  highway  signs  128 

s| Is   used    in    lesis  of  bituminous   paving 

mixtures  .  197, 219 
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ibili  t  y : 
of  aspbaltic  pa\  ing  mixtures 

experiments,  a  197  21 1,  218 

stabilitj    requirements   for   city   streets 

and  for  country  roads  ills 

ol  low  cost  bituminous  i 

data  for  tar  surface  treated  ma. Is      I,  2,  10  13,  20 
itory  traffic  lest  of  and  track  fur  210 

of  soils 

as  indicated  bj   liquid  limit  is:;.  184,  nil 

in  various  soil  groups  l(i  '.'i> 

theory  of  13,  14 

Stabilitj  ma rh i ne  (roller),  description  and  use         210, 

211,218 
Stabiliz  ttion: 

of  base  courses  of  tar  surface  treated  roads  I   I'll 

of  mud  jack  pa  182,  184,  I'M 

of  soils  by  use  of  admixture  2, 

3,7,  16,20,  181,  IS'.',  1st,  191 

Stage  construction  of  highways  85;  rear  covers  ol 

Nos   I  ; 
State  aid  funds.  State  aid  highways  (three  States)      23, 

25-27,33,  li'    19,  •  - 
state  highways: 

mileages  ami  ty  pes  of  surfacing 

Illinois  38,  17,  1^ 

Michigan  18, 67,  69 

i,  ported    mileages    completed    in    s >  " 

1923-31  67 

Wisconsin  22,  28,  31 

i tes  ami  expenditures  for 

hum  gasoline  tax  receipts,  I1'  12 
from  motor-\  ehicle  receipts,  1932 
sei     also    Federal-aid    mails     Financial 
sun  eys 
Statistical  -mis,  statistical  ratios  ol  -nil  2,  15  19 

Steel  (reinforcing,  structural) 

place  in  cost  index  of  highwaj  construction     81  87, 

90,91 
quant  it  ics  used  in  composite  mile  of  road  81, 

84,  86,90,91 

Stiffness: 

of  concrete    I  ib  ,  radius  of  relative  stillness 

ami  determination  ol  185  188 

subgrade  stillness,  coefficient  of  is',  iss 

Stoke's  law,  application  in  soil  tests  93, 

'.i?  '.«,  111'.'.  103,  105 
Stone: 

hammer-broken  stone,  field  stone,  as  subbase 
materia!  for  tar  surface  treated 
roads ._...-.  2, 7 

Si  i  al  "    Vggreg  Ites     ('rushed  stone 
Strain  gages: 

calibra  hi.',  193 

improved  recording  strain  gage,  a  189-191 

Strains: 

in  concrete  arches  (Freyssinet) 232 

in  concrete  pavement  slabs  is; 

Streets 

funds  for.  from  gasoline  tax  and  motor  vehicle 

receipts  ...        ..  53,55 

in  Wisconsin,  Illinois,  and  Michigan 

bn  ,!!.  ing  of.  21   29,31-35,37  51,56-72 

mileages  and  types  of  surfacing        ..  22, 

28,31,34,39,59 

travel  upon 29-36, 42-44, 4S,  51, 62,  G7-72 

Strength  ratios  of  mortar  specimens  cured  under 

burlap  and  under  cotton       79,92 

Strength  requirements  of  culvert  pipe  (cast-iron), 

specifical  ions.  157,  17s 

Strength  tests: 

of  cast-iron  culvert  pipe  157-178 

of  cement  mortars  variously  cured       ...      106-108 
of  concrete,  data  for— 

slabs  finished  by  vibration  and  Johnson 

methods  129  133,  135  I  13,  145,  I  17  154 

specimens  cured  under  cotton  mats  and 

other  surface  coverings  .       7:i-su,  92 

-lie-    -deflection   curves  of  strips  from   cast-iron 

culvert  pipe 171 

-lie-   I 

in  cement  mortar  briquets 

distribution  as  affecting  strength  107,  ins 

experimental  determinations  108 

in  concrete  an  he-  i  I-  rej  si  inel  i,  distribution       232 
in  concrete  pavements — 

computation  from  measured  strains     .  187 

theoretical   analysis  of  and    supplemen- 

i  irj  theorj  185-188 
in  concrete  structures,  determination  by  im- 
proved strain  gage 189- 194 

in  culvert  pipe  (cast-iron)  162,  167   171.  17s 

in  water  pipe  (cast-iron),  formula  for  calcula- 
tion of  ...  169 

Strike-off,  "bull-nose"  135, 136 

Strip  tests  of  metal  pipe: 

i     pecification  requirement  for  pipe       17L1,  I7n  178 
methods  used  and  results  obtained       ...        169-178 
Structural  tests  of  concrete  pavements,  analytical 

tools  for  judging  results  of,  a  is:,  iss 

Structures,  highway,  place  in  cost  index  of  high- 
was  construction  -.    90  91 
Subbases  for  tar  surface  treated  i  2,4,6,7 
Subgrade  reaction,  modulus  of: 

as  all'ectin Ie\ elopmenl   in  concrete 

pavements  is:,  iss 

definition  185 

Subgrade  soils,  see  Soils 
-hi    rade  stiffness,  coefficient  of  186-188 


Pago 

Surface  treat  men  I  of  r I 

double  surface  treatment,  North  Carolina         i  20 
hot  surface  ncai  incni ,  materials  tot .  tests  of      215 

218 
tar  surface  treatment,  cold-application  tat 

hot-application  tars  l  20 

Surfacing,  highw  ay 

cosi  index  of  "composite  mile"  si  92 

si  i  also  names  of  tj  pes  of  surfacing. 
Surveys,  see  Financial  surveys    Tarsui  lace  treal 
nicnt      of     roads    Traffic     How 
Travel 

T 

Tabulating  machines,  use  iii  traffic  survey  225 

I  ai  In  in  cope,  description  and  use  110,  112,  128 

Tamping  and  compression  method  in  Hubbard- 
Field  stability  tesl  of  asphaltie 
mixtures  206 

Tar  paper  on  subgrades,  effects  129,  142 

Tar  sui  face  treatment  of  roads,  a  i  20 

Tar,  tars: 

as  admixture  in  base  courses  of  surface  Healed 

i     id  2,3, 211 

i  y  pes.  quantities  and  application  methods  in 

surface  treatment  of  mails  I. 

2,  ".  s.  HI  13,  17 
Tax  commisi  ion  21,38,  "'7.  58 

Tax  rates: 

data  lor  three  Stales     .'I,  Z',,  25,  31,  39,  III.  13.  )7,  58  till 
Si '  ulsn  (  iasuluie  taxes 

:  1 1 <  1  imposts 
incidence  ol,   relation   in  highwa>   expendi- 
tures and  highway  use  in 
Illume  37  51,56,92 

\1  ichigan  57-72 

Wiscon  in  '.'l  36,92 

per   capita   tax    payments,   relation   to   per 
capita  expenditures   (three  States. 
1930)        26,27,31,39  41,45  47,59,60,65-67 
relative  payments  by  rural  and  by  urban  tax- 
payers (three  States,  1930).    .   .      '-■:!  .".I. 
31,34,35,37  41,43.  14,  16,48-51,59  62,66-  7'.' 
xii      also     Assessments,     special— Oasoline 
taxes     Registration  fees. 
Teller,  L    W..  a  189   194 

Temperature(s) 
an  temperature 

as  affecting  stability  of  asphaltie  paving 

mixtures  197,  His.  'JIKJ,  201,  205,  206,  .'1 1 

xii  also  Climatic  conditions 
application  temperatures  of  materials  in  la, 

surface  treatment  of  mads  s 

constant-temperature  bath,  use  In  hydrom- 
eter tests  ol    nil:-.  94,95 
control  temperatures  in  viscosity  determina- 
tions of  liquid  asphaltie  materials  212  218 
drying  temperatures  used  for — 

concrete  absorption  test  specimens  131 

soil  samples  in  pipette  tests 102 

internal    temperatures    of   asphaltie    paving 
mixtures — 
as  affecting  stability  of  mixtures.       HIT,  198,205 

measurement  .  .. .    . .  197 

laving  temperatures  for  experimental  sheet 

asphalt  mixtures  200,  201 

molding    temperatures    for    Hubbard-Field 

specimens  .   206(fn) 

relation  to  lloal   lesl   values  for  materials  for 

hot  suface  treatment   217 

lesl  temperatures  for 

float  tests  of  bituminous  materials  8, 

11,  12,  212  218 
viscosity   determinations  of  bituminous 

materials.  5,8,  10,  11,212  218 

Temperature  chan 

i    affecting  metals  of  strain  gages,  compensa- 
tion feature  in  improved  gage         189  192 
in  concrete  during  curing  as  affected  bj 

color  of  cement   used 74  77 

cotton    mats   and    other    surface    cover- 
ings   73  80,92 

in  soil  suspension  in  hydrometer  lesls  of  soils, 

effeel  95 

Temperature  corrections  fot  hydrometei  reading 

in    soil    analysis         93-96,99,101,102,105 
Temperature  ranges  in    concrete    during    curing 

tests 
Temperature-viscosity  relations: 

of  liquid  asphaltie  materials  (Saybolt-Furol 

determinal  iot  212  218 

of  materials  for  tai  surface  tieatmenl  of  road 

(Kinder  determinations)  5,8,10,11 

Tensile  strength  of  cement  mortar  specimens  as 

affected  by  curing  method  106  108 

Tensile  stresses: 

in    concrete    pavemenl      labs,    compulation, 

formulas  for  .    .  185  iss 

in  culverl  pipe  (cast-iron)  under  load  162 

Tension,  capillary,  sei  Capillary  tension 
Tesl  roadwaj  (circular)  .   197,  198 

Test  track  (circular)  for  laboratory  use  2HI 

machines  and  apparatus,  see  names  of 
tests     and      names     of     materials 
tesled. 
Thermocouples  73  76,  197 

n.  K.  ('..  a  ''  ,    Ki- 

ln i         i  ehicle  time  losses. 

Time-recording    devices   and   methods   used    in 

trafficstudies        221  229,232,233,240  243 


Time  requirements  for  viscosity  determinal 

of  liquid  asphaltie  materials         '_'  1 '.'.  ■_'  1  :i 

Ton-mile  taxes  on  motot   vehicles  (Wisconsin)      24,25 

Top  courses,  use  in  stabilization  of  bases  of  sur- 
face treated  mads 

Topsoil: 

as  base  COUrSe  nf  lal   -IK  'J. 

II.  17  20 
weathered  topsoil 

as  mate!  ial  for  mud  jack  paste  18  1 

performance  in  cuts  and  tills  isi 

Topsoil  mads. 

stability  17,  182,  184 

tar  sin  lace  treatment  1  20 

untreated  topsoil  mads  in  Georgia  17 

set  also  Earl  h  and  gravel  roads 
Tourist    travel,   motor   vehicle   (Wisconsin   and 

Michi  35,36,58 

Towns,  townships,  set   Financial  surveys 

Tractoi   .  road,  sei   Registrations,  lor  vehicle 

Traffic  congestion  and  effect!  ol        .'.':■;.  _'."i  232,239,240 
Traffic  control: 

effeel  of  control  methods  on  traffic  flow,  a      '.';«  242 

traffic-actuated  control  and  mechanism  for    .'33  242 

«■  ulsn  Signs  and  signals 

Traffic  How  .  studies  of  223  243 

Traffic  lanes,  capacity  of,  determination  ol  '213 

Traffic  surveys,   see   Tar   surface   treatment    of 

roads     Traffic  How      Tl  avel 
Traffic  icsis  ol  bituminous  surfaces       i'.»7  211,218,219 
Traffic  \  ariations 

seasonal  variations  223,227 

through   hours  of  the  da>      223,225,  227,23 
week  day,  Sunday,  and  holidaj   traffic  223 

.'.'7   231 
li  uiei     (iiinini    vehicle),   registrations  and   re- 
ceipts from,  1932  I 
Travel,  motor  vehicle 

out-of-State  travel  (Wisconsin  data)  10,  15,  16 

purposes  of  travel  (Wisconsin  data)  35,  36 

relation   to  highway   taxes  and  expenditures 

(in  three  Stales,  1930)  21, 

2.',  '.".(  36,  I'.  51,   il 
relatiy  e  travel  (in  three  States,  1930) 

by     automobiles    and     by     trucks    and 

busses  29,30,32,41,42,44,61,62 

by  rural  and  bj  urban  vehicles  24, 

29  36,  II    44,  17,  is,  50,51,61,62,  67,69 
on   rural  roads  and   011  city   and    village 

streets  '.".i  35,  12.  67  70, 7.' 

si  1    ulsn    headings    beginning    Traffic    also 
Mileage  data 
Trunk  line  highways: 

111  Illinois  38,  16     I 

in  M ichigan  -  1 

in  Wisconsin  22,  2  I 

Turning  traffic  at  street   intersect  ions,  effect  on 

traffic  How  .  223,  231,233,  24: 

Tuttle,  Lawrence  S  (author  and  joint  author),  a 

232,  242  243 
U 
Unemployment  relief  223 

set  also  Public  works  road  construction. 
Uniformity: 

of  concrete  in  slabs  finished  by  vibration  and 
Johnson  methods,  as  affected  bj 
finishing  method  .  129,131    145,147   154 

quantity  of  coarse  aggregate  111  mix  139 

of  culverl  pipe  (cast-iron)  161,162,166 

Uniformity  coefficients  of  soils  of  untreated  road 

surfaces  in  Georgia  17 

University  of  Illinois,  r.  to  p    160  (fn),  165  (fn),  167  (fni 
University  of   Minnesota    Agricultural    Experi- 
ment Station,  r    to  p  1(17   (fill 
University   of   Wisconsin,   cooperative  surveys 

(financial)   ..  21  51,56  72,92 

■  index  of  highway  construction  si  83,90-92 

Use  of  highways,  sei  headings  beginning  Traffic 
also  Travel,  motor  \  ehicle     1 

index 

V 

Valuation  taxes  (three  stales,  1930)  21. 

25,  3s  11,1; 

Valuations  of  taxable  propertj   1 1930) 

Illinois  :i7.:fs.  in.  51 

Michigan  64,66,71 

Wis,-  21,22.34 

\  chicle  intervals  in  traffic  control  -'37  239 

Vehicle  mileages,  su  \\  ileage  data. 

Vehicle  minuti 

savings  on  New  Jersey  high-level  viaduct  223, 

224,227-232 
value  231,  2 

Vehicle  tune  lo 

ai  controlled  street  intersections  233  .'!" 

ai  drawbridge  openings  (New  Jerse  223  228 

methods  for  determining  224,225.239  243 

Vehicle-weight  taxes  (Michigan)  58,60,62 

Vehicles,  motot ,  se<   Motot  vehii 

Vey,  A     II  116 

Viaduct,  New  'Jersey   higl  223  232 

Vibration  method  of  finishing,  effeel  on  c 

pavement  slabs  129  145,153,154 

Vibrators: 

inability  to  finish  very  dry  concrete  139 

concrete  pavemenl   finishing       129,  135,  137,  139 
determination  ol  i   voids  in  asphaltie 

paving  mix  206 
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Puge 
Village   treets,  village  taxes,  set  Financial  surveys. 
Viseosimeters,  dripping,  time  of  drip,  in  tempera- 
ture-viscosity   tests   nf   liquid   as- 

phaltic materials -     ..  213,215 

Vi  ■•   ii 

of  liquid  asphaltic  materials 

relative  viscosities  at  various  test  tem- 
peratures, a 212 

viscosity  limits 212 

viscosity-temperature  requirements .     212, 

215  218 
of  suspending  medium,  significance  in  sedi- 
mentation tests  of  soils.   -..  93,95,98,102 
of  tars  used  in  surface  treatment  of  roads 1, 

5.8,  III,  II 
Visibility  cif  luminous  and   nonluminous  high- 
way signs,  a..       109-128 

Void-cement  ratio  of  concrete,   as  affected   by 

Johnson  method  of  finishing 152-154 

Voids 

in  aggregates  of— 

asphaltic  paving  mixtures  - 

determination,  methods  and  results      206, 
210,211,218 
percentages  for  various  mixtures  and 
percentages    ol    voids    tilled    with 
bitumen   ...       -  206,207,210,211 

relation  to  gradal  ion  ..   207 

significance  205, 211 

test  concretes   tesl  results  129 


Page 
Voids— Continued 

in   asphaltic   paving   mixtures,   relation    to 

stability  of  mixtures.  201,205.208-211,218 
in  concretes  finished  by  vibration  and  John- 
son methods 133, 144, 152-154 

Volume  change  in  soils 2, 14-17, 183 

W 

Water,  storage  in,  as  curing  method  for  cement 

mortar..     106  108 

\\  ater-cement  ratios: 

of  cement  mortar  specimens  in  curing  con- 
ditions test .       106 

of  concretes  finished  by  vibration  and  John- 
son methods ...    .   .      129, 

130,135,  137-144,  147-154 
Water  content: 

of  concrete  as  affected  by  Johnson  method  of 

slab  finishing -   129,  145,  lis  154 

see  also  Moisture  content. 
Water  pipe,  culvert  pipe,  strength  tests.  ....    .   157  178 

Water  retentive  properties  of  soils. .   14-16,  1*. 

Waterlogging  of  soils.  .   14,15 

Wear  test  machine 131 

Wear  tests: 

of  aggregates  used  in  test  concretes,  results  .       129 
ol  concrete  slabs  finished  by  vibration  and 

Johnson  methods  ..   ..   .     134, 

144,  145,  150,  152  I'd 


Page 
Weather,  see  Climatic  conditions — Temperature(s). 
Weights: 

of  culvert  pipe  (cast-iron),  data  from  strength 

tests    157,160-162 

of  soil  grains  and  soil  samples  in  sedimenta- 
tion tests  of  soils 93,96,97,99,  102, 103 

weight  changes  in  mortar  specimens  cured 

under  burlap  and  under  cotton 78,  79 

Westergaard,  H.  M.,  a 185-188 

Wheel  taxes  (Illinois) 4(1,43,44 

Wheels  for  use  in  circular  traffic  test  track 219 

Whitewash  coatings  as  curing  agents  for  bitumi- 
nous coated  concrete  slabs 77,78 

Width  of  pavements,  practice  as  affecting  costs 

of  highway  construction 86,  ','1 

Wintermyer,  A.  M.,  a 181-181.  194 

Wisconsin  financial  survey 21-36,92 

Wisconsin  highway  system: 

mileages  and  types  of  surfacing 22,28,31,34 

see  also  Federal-aid  roads. 

Wimlf,  D.  O.,  joint  author,  a 106  108 

Workability  of  concrete  in  slabs  finished  by 
vibration  and  Johnson  methods, 
relation  to: 
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